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WIRELESS  TELEPHONY.* 

BY 

N.   H.   SLAUGHTER,   D.S.M. 

Engineering  Department,  Western  Electric  Company,  New  York,  N.Y. 
(Formerly)  Lieut.  Col.,  Signal  Corps,  U.S.A. 

FUNDAMENTAL  REQUIREMENTS. 

The  development  of  wireless  telephony  dates  back  almost  as 
far  as  the  original  conception  of  the  use  of  electromagnetic  waves 
for  wireless  telegraphy.  The  practical  utilization  of  this  method 
of  communication  is,  however,  a  matter  of  comparatively  recent 
date  as  contrasted  with  the  much  longer  period  during  which 
wireless  telegraphy  has  been  a  practical  accomplishment.  This 
delay  in  the  successful  utilization  of  wireless  telephony  is  due  to 
certain  differences  in  the  fundamental  requirements  as  compared 
with  those  for  the  telegraph.  These  differences  and  the  manner 
in  which  the  particular  difficulties  incident  to  the  successful  ac- 
complishment of  wireless  telephony  have  been  overcome  will  be 
explained  in  detail  in  succeeding  paragraphs. 

Broadly  speaking,  the  principal  difference  between  wireless 
telephony  and  wireless  telegraphy  lies  in  the  form  of  the  signal 
which  has  to  be  transmitted,  telegraph  signals  being  obviously 
far  simpler  in  the  wave-form  of  the  signal  current  than  are  tele- 
phone signals.     The  fundamental  requirement  is,  in  either  case, 

*  Presented  at  a  joint  meeting  of  the  Electrical  Section  and  the  Phila- 
delphia Section,  American  Institute  of  Electrical  Engineers,  held  Thurs- 
day, October  30,  1919. 
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by  contributors  to  the  Journal.] 

Copyright.  1920.  by  The  Franklin  Institute. 
Vol.  189,  No.  1129 — i  i 


2  N.  H.  Slaughter.  [J-  F- 1. 

that  the  form  of  the  receiving  signal  shall  faithfully  reproduce 
the  form  of  the  transmitted  signal,  whether  due  to  the  opening 
and  closing  of  a  telegraph  key  or  the  vibrations  of  a  telephone 
transmitter  diaphragm. 

The  essential  units  required  in  a  complete  wireless  telephone 
system  may  be  grouped  into  the  transmitting  and  the  receiving 
elements.  The  receiving  elements,  being  in  no  respect  different 
from  those  required  in  wireless  telegraphy,  will  not  Ije  described 
at  this  point.  The  transmitting  elements  differ,  however,  in 
many  respects  and  comprise  the  following  essential  units  : 

A  radio  frequency  generator. 

A  modulator   for  controlling  the   radio   frequency 
current. 

An  antenna  for  radiating  the  electromagnetic  waves 
produced  by  the  radio  frequency  current. 
The  particular  characteristics  of  these  various  units  are  described 
in  detail  hereinafter. 

Wireless  telephony  is  subject  to  certain  particular  limitations 
in  the  same  way  as  wireless  telegraphy,  notably  that  of  inter- 
ference due  to  atmospheric  electricity  or  radio  signals  foreign 
to  the  desired  signal. 

HISTORICAL    SUMMARY. 

The  first  requirement  for  any  wireless  telephone  station  is  a 
source  of  radio  frequency  current  whose  amplitude  from  cycle 
to  cycle  remains  constant,  except  when  varied  by  the  modulation 
imposed  upon  it  by  the  voice  current.  If  variations  in  its  ampli- 
tude occur,  due  to  other  causes,  these  variations  will  introduce 
disturbances  which  will  cause  the  system  to  be  deficient  in  the 
effective  transmission  of  speech.  It  is  at  once  evident  that  the 
original  source  of  radio  frequency  current  used  in  wireless  teleg- 
raphy, namely,  the  oscillatory  discharge  of  a  condenser  supplied 
with  energy  from  a  low  frequency  source,  is  entirely  unsuited  to 
the  purposes  of  wireless  telephony. 

With  the  development  of  the  Poulsen  arc  the  first  successful 
attempts  at  radio  telephony  were  begun.  These  attempts  involved 
the  second  factor  in  a  wireless  telephone  station,  namely,  that  of 
modulating  the  radio  fre{|uency  current  in  accordance  with  the 
currents  supplied  by  a  tcle])hone  tran.smitter.  The  early  attempts 
to  accompli.sh  this  modulation,  by  means  of  microphones  inserted 
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directly  in  the  antenna  circuit  or  coupled  to  the  circuit  in  various 
manners,  were  largely  unsuccessful  due  to  the  limitations  of  the 
microphone  devices,  such  as  the  low  current  capacity  and  the 
small  range  of  variation  of  resistance. 

A  second  source  of  radio  frequency  current  is  the  high  fre- 
quency alternator,  which  has  been  developed  in  various  forms  and 
which  has  been  likewise  used  with  limited  success  for  wireless 
telephone  transmission.  The  same  lack  of  a  suitable  modulating 
device  handicapped  the  use  of  the  high  frequency  alternator 
until  the  advent  of  the  audion  or  vacuum  tube.  The  character- 
istics of  the  vacuum  tube  have  been  fully  described  in  many  recent 
publications,  and  will  be  discussed  in  this  paper  only  in  so  far  as 
these  characteristics  are  directly  applicable  to  the  problems  of 
wireless  telephony.  It  will  be  seen  from  this  subsequent  dis- 
cussion that  the  vacuum  tube  possesses  in  a  remarkable  manner 
the  precise  characteristics  required  for  the  generation  and  modu- 
lation of  radio  frequency  current  for  low  power  wireless  tele- 
phone stations,  and  for  the  detection  and  amplification  of  radio 
signals  of  any  character  whatsoever.  Its  influence  on  the  art  of 
wireless  telephony  may  well  be  compared  with  the  influence  of  the 
gas  engine  on  aviation. 

VACUUM   TUBE. 

The  requirements  of  a  radio  frequency  generator  may  be 
grouped  as  follows : 

The  desired  frequency  may  range  roughly  between 
the  values  of  15,000  and  6,000,000  cycles  per  second. 

The  frequency  for  any  particular  generator  may  be 
required  to  vary  over  a  considerable  range,  in  some  cases 
as  much  as  several  octaves.  In  other  cases,  a  single 
value  of  frequency  is  sufficient. 

The  frequency  when  set  at  a  particular  value  should 
remain  substantially  unaffected  by  ordinary  changes  in 
the  physical  or  electrical  conditions  associated  with 
the  station. 

The  current  delivered  by  the  generator  should  ap- 
proximate a  sine  wave  as  closely  as  possible. 

The  required  output  for  different  classes  of  stations 
may  vary  from  less  than  one  watt  to  several  hun- 
dred kilowatts. 
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The  efficiency  of  the  generator  should  be  reasonably 
high  though  not  necessarily  comparable  with  the  effi- 
ciencies obtained  from  ordinary  types  of  generators. 
When  used  as  an  oscillator  or  radio  frequency  generator  asso- 
ciated with  properly  designed  circuits,  the  vacuum  tube  will  meet 
all  of  these  requirements,  with  the  exception  that  the  power  output 
of  vacuum  tubes  as  at  present  constructed  is  limited  to  not  more 
than  a  few  hundred  watts  per  tube. 

The  requirements  of  a  modulator  for  radio  telephony  may  be 
grouped  as  follows : 

The  modulator  should  be  actuated  by  the  current 
from  an  ordinary  microphone  telephone  transmitter  or 
its  equivalent. 

The  modulator  should  faithfully  reproduce,  in  its 
effect  upon  the  radio  frequency  current,  the  wave-form 
of  the  telephone  or  speech  current. 

The  modulator  should  be  capable  of  almost  com- 
pletely modulating  the  output  of  radio  frequency  gen- 
erators whose   power   outputs   may   cover   the    range 
indicated  above. 
These  requirements  are  fulfilled  to  a  remarkable  extent  by  the 
vacuum  tul>e  used  in  properly  designed  circuits. 

Although  the  vacuum  tube  was  invented  in  1906,  its  develop- 
ment into  a  sufficiently  practical  form  to  be  useful  for  wireless 
telephony  was  comparatively  slow.  This  development  was  greatly 
accelerated,  l:)eginning  in  19 12,  when  the  American  Telephone 
and  Telegraph  Company  became  interested  in  the  vacuum  tube 
for  use  in  telephone  repeaters.  Rapid  improvements  were  made 
in  the  design  and  construction  of  vacuum  tubes,  and  at  the  same 
time  experiments  were  conducted  looking  to  the  use  of  the  vacuum 
tube  in  wireless  telephone  apparatus.  As  a  result  of  these  experi- 
ments, the  transmission  of  speech  from  Washington.  D.  C,  to 
Paris  and  to  Honolulu  by  wireless  telephone  occurred  during  the 
year  191 5.  In  these  experiments  the  vacuum  tulx?  was  used  as  a 
radio  frequency  generator,  a  modulator,  a  detector  and  amplifier. 
The  possibilities  of  the  vacuum  tul)e  for  wireless  telephony 
having  lx;en  partly  disclosed  by  the  above  experiments,  the  Navy 
Department  l^came  actively  interested  in  the  development  of 
wireless  telephone  apparatus  for  use  on  balllcships.  Experimental 
sets    were    developed   by   the    Western    F.lcctric    Company    and 
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extremely  promising"  results  were  secured.  The  Signal  Corps 
was  likewise  interested  in  the  development  of  apparatus  for  the 
Armv.  but  experiments  had  not  proceeded  to  the  point  where  any 
satisfactory  apparatus  had  been  developed  prior  to  the  declaration 
of  war  by  this  country. 

FIELD   OF   MILITARY  APPLICATION. 

Prior  to  the  beginning  of  the  European  War  the  use  of  wire- 
less telegraphy  in  military  operations  had  been  limited  to  an 
extremely  narrow  field,  wdiile  wireless  telephony  had  been  used 
to  an  entirely  negligible  extent.  The  communication  require- 
ments for  the  armies  engaged  in  the  trench- war  fare  style  of 
conflict  emphasized  the  need  of  radio  communication,  and  accord- 
ingly the  extent  and  variety  of  the  apparatus  for  wireless 
telegraphy  increased  rapidly.  At  the  time  this  country  entered 
the  war  wireless  telegraphy  comprised  an  extremely  important 
and  extensive  part  of  the  communication  systems  employed  on 
the  western  front.  The  development  of  wireless  telephony,  how- 
ever, had  not  proceeded  to  the  point  where  satisfactory  apparatus 
was  available  for  use  by  the  military  forces.  The  particular  field 
which  most  urgently  required  its  use  was  the  airplane  communica- 
tion system.  The  limitations  imposed  on  the  use  of  wireless 
telephony,  such  as  greater  weight  and  complication  of  the  appa- 
ratus, and  complete  lack  of  secrecy,  had  hitherto  prevented  favor- 
able consideration  of  wireless  telephony  as  a  substitute  for 
wireless  telegraphy.  The  particular  requirements  of  the  airplane 
communication,  however,  introduced  certain  advantages  which 
more  than  compensated  for  these  factors  and  made  telephony 
much  more  desirable  than  telegraphy.  The  controlling  reason 
for  the  use  of  the  wireless  telephone  lay  in  the  fact  that  its  use 
eliminated  the  necessity  of  a  knowledge  of  the  telegraph  code  on 
the  part  of  the  aviator.  An  additional  advantage  lay  in  the 
greater  speed  with  which  the  telephone  transmission  can 
be  effected. 

Inasmuch  as  the  airplane  wireless  telephone  set  comprises  not 
only  the  most  interesting  example  of  the  use  of  wireless  communi- 
cation during  the  war,  but  furnishes  also  a  remarkable  example 
of  the  rapidity  with  which  the  engineering  and  manufacturing 
facilities  of  this  country  were  adapted  to  war-time  needs,  a  de- 
tailed summary  of  the  development,  production  and  operation  of 
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this   set    forms   an   important   part   of   the   general   subject   of 
wireless  telephony. 

HISTORICAL  REVIEW. 

Almost  immediately  following  the  declaration  of  war  by  this 
country,  the  Chief  Signal  Officer  of  the  Army  issued  orders  for 
the  development  of  an  airplane  wireless  telephone  set  which  was 
to  furnish  telephone  coinmunication  between  the  different  air- 
planes of  a  squadron  and  also  to  furnish  communication  between 
an  airplane  and  a  ground  station.  The  fundamental  requirements 
for  this  set  were  based  partly  on  information  furnished  by  the 
Allies,  and  partly  on  the  experience  of  the  U.  S.  Signal  Corps  in 
the  pre-war  experiments  in  airplane  radio  telegraphy  and  teleph- 
ony. The  actual  development  work  was  entrusted  to  the  Engi- 
neering Department  of  the  Western  Electric  Company,  with 
provision  for  the  necessary  airplane  facilities  and  information  to 
be  supplied  by  the  Signal  Corps  as  required.  The  progress  of  the 
development  work  was  extremely  rapid,  successful  communica- 
tion being  established  between  an  airplane  and  a  ground  station 
within  six  weeks  from  the  date  the  development  was  started.  The 
evolution  of  a  complete  design  suited  to  commercial  production 
likewise  proceeded  very  rapidly,  so  that  by  December,  191 7.  only 
six  months  from  the  time  the  development  work  was  started,  the 
design  of  the  complete  equipment  had  reached  the  stage  where 
production  of  the  sets  in  quantity  could  be  authorized.  As  early 
as  October,  191 7,  the  apparatus  had  been  developed  to  a  suf- 
ficiently complete  extent  to  warrant  sending  samples  to  the  Expe- 
ditionary Forces  for  test  under  conditions  existing  at  the  front. 

Because  of  the  extreme  need  for  the  earliest  possible  delivery 
of  apparatus  in  large  quantities,  to  meet  the  needs  of  the  airplane 
program  of  the  United  States,  the  production  of  airplane  tele- 
phone sets  was  begun  prior  to  the  completion  of  the  experimental 
work.  As  further  experiments  indicated  the  need  of  modification 
or  refinements  in  the  design,  the  necessary  changes  were  incor- 
porated in  the  i)rocess  of  manufacture,  so  that  the  sets  delivered  in 
the  spring  of  1918  emlx)died  the  results  of  experimental  work 
extending  almost  up  to  the  date  of  completion  of  the  sets. 

Beginning  early  in  the  summer  of  1918  the  development  of  an 
improved  type  of  set  was  l-)egun,  and  at  the  time  of  the  armistice 
this  development  had  reached  the  point  where  practical  trials  of 
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the  completed  sets  were  in  progress.  The  essential  differences 
between  the  original  type  of  set  and  this  new  set  are  described  in 
some  detail  in  succeeding  paragraphs. 

The  production  of  several  thousand  of  the  airplane  wireless 
telephone  sets  in  the  brief  space  of  a  few  months  involved  many 
problems  of  an  extremely  unusual  and  diffiicidt  nature.  As  an 
example  may  be  cited  tlie  production  of  the  vacuum  tubes  required 
for  use  in  the  sets.  Prior  to  the  war  the  vacuum  tubes  had  never 
been  produced  at  rates  greater  than  a  few  hundred  tubes  per  week. 
At  the  time  of  the  armistice  the  production  of  these  tubes  in  one 
factory  alone  was  in  excess  of  25,000  per  week,  the  largest  part 
of  which  was  intended  for  use  wnth  the  airplane  wireless  telephone 
sets.  The  problem  of  devising  methods  for  testing  the  com- 
pleted sets  involved  the  development  of  unusual  testing  facilities 
and  the  creation  of  a  large  organization  of  inspectors  to  handle 
the  sets  as  rapidly  as  they  were  delivered  from  the  factory.  It 
was  obviously  impossible  to  test  each  completed  set  in  an  airplane 
before  considering  it  as  finally  accepted,  so  that  the  formulation 
of  the  testing  specifications  involved  the  development  of  tests 
which  would  approximate  the  conditions  encountered  on  air- 
planes and  at  the  same  time  would  be  adapted  to  factory  methods 
of  testing. 

Before  the  developiment  of  the  airplane  wireless  telephone 
sets  had  proceeded  even  to  the  point  where  success  was  assured, 
it  became  apparent  to  those  involved  in  the  work  that  the  produc- 
tion of  a  satisfactory  set  was  by  no  means  the  complete  solution 
of  the  problem.  The  successful  use  of  the  equipment  would 
undoubtedly  require  a  considerable  amount  of  training  of  the 
aviators  and  a  very  considerable  period  of  experiment  with  the 
trained  aviators  using  the  equipment  before  its  limitations  and  its 
possibilities  could  be  even  approximately  determined.  Accord- 
ingly preparations  were  made  in  advance  of  the  delivery  of  the 
first  production  sets,  to  institute  a  course  of  training  which  was 
intended  both  to  familiarize  the  aviator  with  the  actual  use  of  the 
set  and  to  work  out  the  method  of  use ;  in  other  words,  the  tactics 
of  a  voice-commanded  airplane  squadron.  As  early  as  May, 
1918,  groups  of  airplanes  using  the  wireless  telephone  sets  were 
being  trained  in  the  use  of  this  equipment  and  were  being  drilled 
in  the  evolutions  which  the  equipment  made  possible.  In  June, 
1918.  a  squadron  of  39  airplanes,  equipped  with  wireless  telephone 
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sets,  went  through  a  course  of  drill  in  the  air  in  such  a  manner  as 
to  demonstrate  the  remarkable  possibilities  of  a  voice-commanded 
squadron.  Subsequently  the  training  of  aviators  in  the  tactics  of 
"  V.  C."  flying-  progressed  at  a  rapidly  increasing  rate,  so  that 
at  the  time  of  the  signing  of  the  armistice  many  thousand  flights 
had  been  made.  The  record  of  these  flights  is  a  glowing  tribute 
to  the  efficiency  of  the  design  of  the  airplane  wireless  telephone 
sets,  which  performed  in  such  a  manner  as  to  give  far  less  trouble 
than  the  airplane  engine. 

AIRPLANE    SETS. 

At  the  outset  of  the  war-time  development  work  on  the  air- 
plane wireless  telephone  apparatus  the  requirements  which  the 
apparatus  would  have  to  meet  and  the  particular  conditions  under 
which  it  would  operate  were  largely  unknown;  this  information 
became  apparent  more  or  less  gradually  during  the  progress  of 
the  development  work,  which  fortunately  proceeded  along  such 
lines  as  to  substantially  comply  with  the  requirements  as  they 
developed.  As  originally  conceived,  these  requirements  may  be 
briefly  stated  as  follows : 

The  apparatus  should  be  capable  of  effecting  reliable 
telephone  communication  l^etween  two  airplanes  at  dis- 
tances up  to  2000  yards. 

The  weight  of  the  apparatus  should  loe  the  minimum 
possible  consistent  with  meeting  the  range  requirements 
and  other  conditions  imposed  on  the  operation. 

The  apparatus  should  be  of  the  simplest  possible  con- 
struction and  should  require  the  minimum  amount  of 
adjustment  or  manipulation  by  the  aviator. 
It  was  realized  that  special  conditions  would  be  encountered 
on  the  airplane  which  would  make  the  development  work  ex- 
tremely difficult  and  would  require  radical  departures  from  any 
previous  practice.     Among  these  special  conditions  may  \ye  men- 
tioned the  tremendous  noise  and  vibration  created  by  the  engine 
and  wind,  the  necessity  of  reducing  the  fire  hazard  to  a  minimum, 
and,  above  all,  the  extremely  essential  condition  that  the  wireless 
telephone  apparatus  must  create  the  minimum  possible  interfer- 
ence with  the  various  other  functions  of  the  aviator. 

The  various  elements  comprising  the  complete  wireless  tele- 
phone set  may  be  grouped  into  the  following  units  : 
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Power  Plant. 
Transmitting  Unit. 
Receiving  Unit. 
Antenna  System. 

The  details  of  these  various  units  and  the  problems  encoun- 
tered in  their  development  are  briefly  described  in  the  follow- 
ing paragraphs : 

Fig.  I. 
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Circuit  diagram,  wind-driven  generator. 


POWER  PLANT. 

The  preliminary  experiments  with  various  types  of  apparatus 
soon  determined  the  power  requirements  of  the  apparatus  which 
included  power  supply  for  the  filament  and  plate  circuits  of  the 
vacuum  tubes  for  both  transmitting  and  receiving  circuits  and 
power  for  the  telephone  transmitters.  The  filament  power  re- 
quired was  determined  to  be  1.35  amperes  at  24  volts  and  the  plate 
circuit  power  for  the  transmitting  set  .070  amperes  at  275  volts. 
The  plate  current  for  the  receiving  tubes  was  extremely  small, 
namely,  less  than  .004  amperes,  and  it  was  decided  to  furnish  this 
power  from  dry  batteries.  After  various  arrangements  were 
tried  the  current  for  the  telephone  transmitter  was  obtained  by 
shunting  this  transmitter  about  filaments  of  two  vacuum  tubes 
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which  gave  approximately  the  correct  voltage  for  operating  this 
transmitter.  The  24-volt  and  275-volt  power  is  obtained  from  a 
double  voltage  direct  current  generator  which  is  driven  by  an  air 
fan,  the  complete  generator  being  mounted  on  one  of  the  struts  of 
the  landing  gear  of  the  airplane  and  hence  being  directly  in  the 
propeller  blast.  The  most  difficult  problems  involved  in  the  design 
of  the  generator  were  those  related  to  the  excessive  speed  varia- 
tion and  the  extremely  high  maximum  speed  at  which  the  gener- 
ator was  required  to  operate.  The  air  speed  of  the  plane  being  sub- 
ject to  extremely  wide  variations  and  the  air  fan  rotational  speed 
varying  in  almost  exactly  the  same  ratio,  it  was  necessary  for  the 

Fig.  la. 
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generator  to  furnish  its  normal  voltages  over  a  speed  range  of 
4000  to  12,000  r.  p.  m.  This  required  the  use  of  a  sj^ecial  voltage 
regulator,  the  circuits  of  which  are  shown  in  Fig.  i.  This  regu- 
lator depends  for  its  operation  upon  the  relation  existing  between 
the  filament  current  and  the  electron  emission  from  the  filament 
in  a  special  vacuum  tube  which  has  been  designated  as  a  regulator 
tube.  At  the  lower  limit  of  the  operating  speed  range,  namely. 
4000  r.  p.  m.,  the  filament  of  this  regulator  tu1)e  operates  at  a 
temperature  which  gives  practically  no  emission  of  electrons.  As 
the  speed  of  the  generator  increases  above  this  value  the  voltage 
rises,  and  accordingly  the  temperature  of  the  regulator  tube  fila- 
ment increases.    This  results  in  an  extremely  rapid  increase  in  the 
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number  of  electrons  emitted  by  the  regulator  tube  filament,  which 
in  turn  causes  a  rapid  increase  in  the  current  flowing  through  the 
differential  field  and  the  plaie  circuit  of  the  regulator  tube,  as 
shown  by  the  charax:teristic  cur\'es  of  Fig.  2.  This  current  tends 
to  reduce  the  total  magnetization  of  the  generator,  and,  as  a 
result,  the  voltage  regulation  is  maintained  within  extremely 
close  limits. 

\\'hile  this  voltage  regulating  device  operates  in  an  extremely 
satisfactory  manner,  the  excessive  speed  variation  of  the  gene- 
rator imposes  certain  other  requirements  on  the  generator  design 

Fig.  lb. 


Wind -driven  generator,  fan  and  regulator  tube. 

which  make  it  desirable  to  reduce  this  speed  variation.  The  devel- 
opment of  a  constant  speed  air  fan  has  progressed  practically  to 
the  point  where  designs  are  available  for  an  air  fan  which  will 
give  an  almost  exactly  constant  rotational  speed  with  a  range  of 
air  speeds  of  at  least  4  to  i.  The  use  of  such  an  air  fan  on  future 
wind-driven  generators  for  airplanes  is  a  practical  certainty. 

Various  alternatives,  such  as  storage  batteries  and  a  dyna- 
motor,  or  a  double  voltage  generator  driven  directly  from  the 
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airplane  engine,  were  considered  and  rejected  in  favor  of  the 
generator  above  described. 

TRANSMITTING    SET. 

The  circuits  of  the  transmitting  set  are  shown  schematically 
in  Fig.  3.  A  single  vacuum  tube  of  a  special  type  is  used  for 
furnishing  the  radio  frequency  current  and  a  similar  tube  is  used 
for  modulating  the  radio  frequency  current.  The  method  of 
modulation  employed  is  known  as  the  "  constant  cvirrent ""  method 
and  may  be  described  briefly  as  follows  : 

Fig.  2. 
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The  plate  circuits  of  the  vacuum  tube  oscillator  and 
modulator  are  connected  in  i)arallel  and  are  supplied 
through  an  inductance  coil,  which  tends  to  maintain  the 
total  current  constant.  The  p'late  current  taken  by  the 
modulator  tube  is  controlled  by  its  grid  voltage,  which 
in  turn  is  determined  by  the  operation  of  the  telephone 
transmitter.  These  voice  frequency  fluctuations  of  the 
modulator  plate  current  cause  corresponding  variations 
in  the  direct  current  supplied  to  the  plate  circuit  of  the 
oscillator  tul)e,  the  sum  of  the  two  currents  at  any  par- 
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ticular   instance   being   substantially   constant.      These 
variations  in  the  direct  current  supply  of  the  oscillator 
tube  result  in  corresponding  variations  of  its  high  fre- 
quency output  so  that  the  result  is  a  modulated  radio  fre- 
quency current  supplied  to  the  antenna. 
The  telephone  transmitter  furnished  one  of  the  most  difficult 
problems  in  connection  with  the  design  of  the  transmitting  set  by 
reason  of  the  fact  that  this  transmitter  operates  under  conditions 
of  such  extreme  noise  due  to  the  wind  and  engine  exhaust.    After 
a  very  extended  period  of  development  the  present  form  of  trans- 
mitter was  perfected,  its  improvement  over  the  ordinary  form 
being  roughly  indicated  by  the  statement  that  the  , ratio  of  noise 
signals  to  speech  signals  in  the  output  of  this  transmitter  is 
probably  less  than  i  per  cent,  of  the  same  ratio  for  a  transmitter 
of  the  usual  type. 

Reference  to  the  schematic  diagram  indicates  the  adjustments 
of  the  transmitting  set  for  different  wave-lengths  to  include  only 
a  variable  inductance  and  a  variable  capacity.  Inasmuch  as  the 
apparatus  is  adjusted  for  a  particular  wave-length  before  the 
airplane  leaves  the  ground,  an  artificial  antenna  whose  constants 
approximate  those  of  the  normal  antenna  is  used  for  making  such 
adjustments  on  the  ground. 

RECEIVING   SET. 

The  circuits  of  the  receiving  set  are  likewise  shown  schemati- 
cally in  Fig.  3.  Reference  to  this  figure  will  indicate  that  the 
circuit  comprises  a  single  resonant  circuit,  a  vacuum  tube  detector, 
two  vacuum  tubes  used  as  amplifiers,  and  a  special  helmet  con- 
taining the  receivers.  The  dectector  and  amplifier  are  not  partic- 
ularly novel  in  any  respect,  but  the  helmet  containing  the 
receivers  is  of  very  unusual  construction.  The  same  noise  condi- 
tions which  were  mentioned  above  for  the  telephone  transmitter 
likewise  affected  the  reception  of  signals  in  the  telephone  re- 
ceivers. It  was  accordingly  necessary  to  develop  a  special  sound- 
insulating  helmet  in  which  the  telephone  receivers  were  mounted 
in  such  a  way  as  to  exclude  almost  completely  from  the  aviator's 
ears  all  sounds  except  those  emanating  from  the  telephone  re- 
ceivers. The  design  of  a  helmet  which  would  accomi)lish  this  and 
at  the  same  time  not  prove  to  be  uncomfortable  represents  one  of 
the  most  striking  accomplishments  in  the  complete  set. 
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The  adjustment  of  the  receiving  set  is  of  the  utmost  simplicity, 
there  being  only  a  variable  capacity  and  inductance  to  adjust  for 
the  particular  wave-length  of  the  received  signal.  As  in  the  case 
of  the  transmitting  set.  these  adjustments  are  ordinarily  made 
before  the  plane  leaves  the  ground,  and  it  is  usually  necessary  for 
the  aviator  to  make  in  flight  only  an  extremely  small  adjustment 
in  the  capacity  to  insure  the  proper  tuning  of  the  receiving  set. 
Because  of  the  condition  of  vibration  existing  on  the  airplane 
and  the  eiTect  of  this  vibration  on  the  vacuum  tubes  used  in  the 

Fig.  4. 


Transmitting  and  receiving  unit. 


receiving  apparatus,  it  was  necessary  to  devise  a  mechanical  filter 
which  would  protect  the  vacuum  tubes  from  these  vibrations.  The 
method  finally  adopted  consisted  of  the  use  of  sponge  rubber 
supports  for  certain  elements  within  the  set  box  itself. 

The  current  required  by  the  plate  circuits  of  the  receiving 
tubes  and  the  negative  grid  potential  for  the  modulator  tube  of 
the  transmitting  set  are  furnished  by  small  dry  batteries,  which 
consist  of  15  cells  of  very  special  construction  weighing  less  than 
one  pound  and  having  sufficient  current  capacity  to  operate  the  set 
a  few  hours  a  day  for  a  considerable  number  of  weeks.    The  most 


i6 


N.  H.  Slaughter. 


[J- F.I. 


important  requirement  for  these  batteries,  however,  was  a  suf- 
ficient length  of  shelf-life,  inasmuch  as  a  period  of  several  month? 
usually  elapsed  between  the  date  of  manufacture  and  the  date  of 
use.  Difficulties  of  securing  even  a  few  months'  shelf -life  for 
cells  of  such  small  size  made  the  u.se  of  standard  cells  out  of  the 

Fig.  5. 


Receiving  unit. 


question.  Development  of  particular  types  of  containers  for  the 
cells  and  extremely  careful  selection  of  materials  resulted  in  the 
satisfactory  solution  of  this  problem. 


ANTENNA. 


The  form  of  antenna  which  was  adopted  for  the  early  experi- 
ments with  the  airjilane  wireless  telephone  consisted  of  a  wire 
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trailing  behind  the  airplane  in  flight  and  connected  through  the 
apparatus  with  the  frame  of  the  airplane  as  a  counterpoise.  The 
length  of  this  wire  was  ordinarily  300  feet.  A  reel  was  provided 
for  holding  this  wire  and  a  small  weight  was  attached  to  the 
free  end  to  cause  it  to  unreel  properly  after  the  airplane  left  the 
ground.     In  order  to  reduce  the  attention  required  by  the  aviator 

Fig.  6. 


Receiving  unit  (.open). 

in  unreeling  the  antenna  a  special  form  of  reel  was  devised  with  a 
centrifugal  governor,  which  limited  the  unreeling  speed  to  a  value 
which  prevented  the  weight  from  breaking  the  wire  at  the  end  of 
the  unreeling  process.  The  wire  which  was  used  w^as  a  soft 
braided  copper  wire  made  purposely  of  low  tensile  strength, 
so  that  in  case  this  wire  became  entangled  w'ith  any  obstruction 
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during  flight  no  particular  strain  would  be  put  upon  the  airplane 
structure  before  the  antenna  wire  would  break. 

The  subject  of  radiation  from  airplane  antenme  has  perhaps 
received  less  attention  in  proportion  to  its  importance  than  almost 
any  other  phase  of  airplane  wireless  telephony.  This  is  partly  due 
to  the  fact  that  the  form  of  antenna  above  described  possesses 

Fig.  7. 


Complete  t  ransiiuttint;  and  nciiviii);  set. 

extremely  efficient  radiating  properties  and  partly  to  the  fact  that 
investigations  of  the  subject  require  very  extensive  and  painstak- 
ing measurements  involving  actual  flights  of  airplanes.  The 
investigations  conducted  during  the  war,  however,  included  a 
large  num1)er  of  tests  of  various  types  of  antenna,  the  principal 
object  of  which  was  to  evolve  a  substitute  for  the  long  trailing 
wire  which  would  be  better  adapted  for  u.se  on  airj)lnnes  engaged 
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in  acrobatic  flying.  Obviously  the  movements  of  an  airplane  were 
somewhat  restricted  by  the  use  of  this  type  of  antenna. 

Without  indicating  in  detail  any  of  the  alternative  types  of 
antenna  which  were  developed  and  used  it  may  be  stated  there  are 
a  number  of  forms  of  airplane  antenna  which  offer  considerable 
promise  of  complying  with  the  radiation  requirement  and  at 
the  same  time  offer  practically  no  interference  w'ith  the  move- 
ments of  the  airplane. 

The  tactical  uses  of  the  airplane  wireless  telephone  called  for 
transmission  and  reception  on  certain  airplanes  and  for  reception 
only  on  other  airplanes.  The  apparatus  developed  therefore 
included  two  distinct  types,  one  including  both  the  transmitting 

Fig.  8. 


New  type  of  airplane  wireless  telephone. 


and  receiving  elements  mounted  in  a  single  box,  as  shown  in 
Fig.  4,  while  the  other  included  only  the  receiving  element  as 
shown  in  Figs.  5  and  6.  The  complete  equipment  comprising  the 
transmitting  and  receiving  set  is  shown  in  Fig.  7.  The  complete 
equipment  comprising  the  receiving  set  only  is  different  with 
respect  to  the  power  plant,  which  in  this  case  consists  of  a  4-volt 
storage  battery.  This  figure  shows  two  telephone  transmitters 
and  two  helmets,  which  are  used  in  connection  with  an  interphone 
system  provided  as  an  auxiliary  to  the  wireless  telephone.  This 
interphone  system  enables  two  persons  in  the  same  airplane  to 
converse  with  each  other  by  ordinary  telephone,  and  furnishes  in 
itself  a  valuable  communication  system  entirely  exterior  to  the 
wireless  telephone  apparatus. 
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Where  communication  between  an  airplane  and  a  ground  sta- 
tion is  desired  this  communication  is  efifected  by  means  of  a  special 
ground  set  which  has  been  developed  to  correspond  with  the  range 
and  wave-length  requirements  of  the  airplane  apparatus. 

In  using  the  apparatus  above  described,  the  only  manipulation 
required  of  the  aviator  is  switching  from  the  transmitting  to  the 
receiving  apparatus,  or  z'icc  versa,  as  required.  Ranges  of  sev- 
eral miles  between   planes  are   easily  accomplished,   and  under 

Fig.  9. 


Transmitting  unit  alone. 


extremely    favorable    conditions    much    greater    distances    have 
been  covered. 


NEW    TYPE    OF    APPARATUS. 


I''xi)erience  in  the  ojjcralion  of  the  above  type  of  wireless 
telephone  aj)j)aratus  indicated  the  desirability  of  certain  improve- 
ments, i)arti.cularly  along  tiic  following  lines: 

Reduction  in  the  size  of  the  apparatus  units  to  b^^ttcr 
adapt  them  to  installation  in  the  restricted  space  avai'- 
able  on  certain  types  of  airj)lanes. 

Use  of  very  much   shorter   wave-lengths  to   make 
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possible  the  substitution  of  anteniicT  which  would  not 

interfere  with  the  use  of  the  airplane  and  which  would 

likewise  reduce  the  amount  of  radio  interference  which 

would  be  experienced  on  the  Western  Front. 

Accordingly,  a  new  type  of  set  was  developed  during  the  summer 

of  191 8,  the  essential  elements  of  which  are  illustrated  in  Figs. 

8.  9.   10  and   11.     Practical  trials  of  this  equipment  have  not 

proceeded    sufficiently    to    indicate    the    superiority    of    this    set 

from  the  standpoint  of  its  use  by  the  aviator.     Its  superiority, 

however,  from  the  standpoint  of  installation  is  self-evident. 

Fig.  10. 


Receiving  unit  alone. 
WIRELESS    VS.    WIRE    TELEPHONY. 

Any  prophecy  as  to  the  future  of  the  wireless  telephone  art 
should  take  due  account  of  fundamental  differences  between  wire 
and  wireless  telephony.  While  it  is  conceivable — though  not  prob- 
able— that  improvements  in  directive  radiation  may  be  evolved 
which  will  cause  the  greater  part  of  the  waves  radiated  from  a 
wireless  station  to  choose  a  particular  path,  rather  than  to  be 
spread  broadcast  as  at  present,  there  will  always  be  a  far  more 
definite  and  restricted  path  for  wire  telephone  signals  than  for 
wireless  signals.  As  a  result,  it  may  be  safely  predicted  that  wire- 
less telephony  is  not  apt  to  supersede  wire  telephony  in  any  of  the 
fields  now  occupied  by  the  latter.     The  application  of  wireless 
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telephony  to  new  fields,  where  wire  telephony  is  either  impossible 
or  impractical  from  economic  considerations,  will  furnish  abun- 
dant opportunity  for  service  of  the  greatest  value.  A  combination 
of  wire  and  wireless  telephony,  each  in  its  own  field,  may  result 
ultimately  in  a  telephone  system  covering  the  civilized  world. 

COMMERCIAL   FIELD. 

To  the  average  person  the  most  interesting  commercial  appli- 
cation of  wireless  telephony  is  transoceanic,  such  as  is  suggested 
by  the  long-distance  experiments  mentioned  above.     While  the 

Fig.  II. 


Control  unit  alone. 


scientific  aspects  of  the  ([uestion  are  such  that  the  development 
of  suitable  a])i)aratus  for  effecting  reliable  commercial  service 
l)etween  such  points  as  New  York  and  London  is  a  comparatively 
simple  matter,  economic  questions  have  up  to  the  present  pre- 
vented serious  consideration  of  such  a  project.  It  is  entirely 
conceivable  that  improvements  in  the  art  may  soon  bring 
the  cost  of  such  a  system  well  within  the  limits  imposed  by 
ecc^nomic  considerations. 

Wireless  telephony  l)etween  .ships  at  sea  or  between  a  ship  and 
a  shore  station  is  a  logical  supplement  to  the  wireless  telegraph 
service  now  furnished  on  practically  all  ocean-going  steamships. 
In  this  ca.se,  as  in  the  case  of  transoceanic  telei)h()ny.  economic 
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considerations  are  apt  to  retard  the  extension  of  this  field  until  the 
development  of  apparatus  less  expensive  than  present  types. 

In  the  field  of  aviation,  however,  wireless  telephony  presents  a 
number  of  advantages  which  it  is  believed  will  result  in  its  rapid 
adaptation  to  the  needs  of  this  service.  Entirely  aside  from  the 
popular  interest  attached  to  telephone  communication  between 
different  airplanes,  or  between  an  airplane  and  a  ground  station, 
the  practical  value,  particularly  of  the  latter,  is  sufficient  in  many 
cases  to  justify  the  required  expenditure  to  provide  this  facility. 

There  are  various  special  fields  not  included  in  the  above  which 
may  call  for  the  use  of  wireless  telephony,  such  as  communication 
between  various  islands  of  a  group — for  example,  the  Hawaiian 
Islands — the  wireless  telephone  furnishing  in  this  case  trunk  lines 
for  tying  together  the  telephone  exchanges  on  the  various  islands. 

MILITARY  FIELD. 

The  use  of  wireless  telephone  apparatus  in  combatant  military 
operations  during  the  war  was  practically  negligible.  This  should, 
however,  not  be  interpreted  as  an  indication  that  wireless  teleph- 
ony offers  no  advantages  for  military  purposes,  but  rather  that 
the  training  of  personnel  in  its  use  had  not  proceeded  sufificiently 
to  warrant  its  use.  Communications  within  various  units  of  an 
army  frequently  call  for  extreme  mobility  of  the  apparatus.  The 
prevailing  method  of  establishing  intermittent  communication 
between  temporary  stations  joined  by  wires  laid  on  the  ground 
is  obviously  far  from  ideal.  If  wireless  telephone  apparatus  can 
be  developed  by  means  of  which  different  centres  of  command 
can  be  kept  in  constant  touch  with  each  other  while  all  are  in 
motion  the  advantages  of  such  communication  will  compel  its 
adoption  and  wide  use  throughout  the  communication  system 
of  the  Army. 

In  naval  operations  the  use  of  wireless  telegraphy  is  so  wide- 
spread that  it  forms  an  indispensable  link  in  the  naval  com- 
munications system.  For  certain  kinds  of  service  the  advantages 
offered  by  telephony  as  compared  with  telegraphy  make  it  ex- 
tremely desirable  that  wireless  telephone  apparatus  be  developed 
to  meet  the  requirements.  The  present  state  of  the  art  indicates 
the  certainty  that  this  can  be  done. 

In  the  field  of  military  aviation  wireless  telephony  finds  its 
greatest  present  opportunity  for  immediate  service.     The  require- 
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ments  of  interairplane  communication  are  such  that  the  tele- 
phone is  pecuharly  adapted.  The  use  of  wireless  telephony 
within  an  airplane  squadron  at  once  makes  possible  the  develop- 
ment of  the  squadron  into  a  military  unit  wherein  the  various 
members  are  subject  to  the  cbmmand  of  the  leader  in  exactly  the 
same  way  as  military  units  on  land  and  water.  The  development 
of  airplane  squadron  tactics  is  therefore  made  entirely  possible, 
whereas  without  the  telephone  it  is  considered  that  the  difficulties 
of  communication  between  various  airplanes  would  have  made 
such  a  development  impossible.  Communication  between  air- 
planes and  ground  stations  comprises  an  equally  important  phase 
of  the  operation  of  military  aircraft.  Hitherto  these  communi- 
cations have  been  chiefly  those  for  directing  artillery  fire  and  the 
wireless  telegraph  has  served  this  purpose  reasonably  well.  The 
availability  of  the  wireless  telephone,  however,  will  open  up  new 
possibilities  in  the  use  of  airplane  to  ground  communication,  an 
example  of  which  is  furnished  by  the  present  operations  on  the 
Mexican  border.  Scouting  parties,  accompanied  by  airplanes, 
traverse  the  extremely  mountainous  country,  with  airplanes  pre- 
ceding the  land  forces  and  at  intervals  reporting  their  observa- 
tions. If  we  imagine  each  of  the  scouting  parties  to  be  equipped 
with  receiving  apparatus  sufficiently  portable  so  that  it  does  not. 
in  any  way  interfere  with  the  movements  of  the  party,  it  is  at 
once  evident  that  they  could,  without  delay,  l>e  kept  informed  of 
the  observations  of  the  aviator,  by  direct  telephone  communica- 
tion. This  extension  of  range  of  vision  would  be  of  immeas- 
urable value. 

Developments  which  have  occurred  during  the  war  period, 
while  essentially  of  a  military  character,  are  immediately  applic- 
able to  both  military  and  commercial  needs.  These  de\'^lopments 
point  the  way  to  further  progress  in  the  art  which  it  is  l^elieved 
will,  within  a  short  time,  establish  wireless  telephony  as  an  im- 
portant element  in  many  ])hascs  of  our  military  and  com- 
mercial activities. 


HYPERSENSITIZING   COMMERCIAL   PANCHROMATIC 

PLATES.* 

BY 

SAMUEL  M.  BURKA,  Ph.D. 

INTRODUCTION. 

Ordixary  dry  plates,  which  owe  their  sensitivity  to  the  silver 
halides  alone,  are  sensitive  only  to  the  violet  and  blue  regions  of 
the  spectnmi.  If,  however,  a  suitable  dyestuff  be  added,  the 
emulsion  becomes  sensitive  to  other  regions,  the  particular  region 
depending  on  the  dye  used.  Thus  erythrosin  sensitizes  to  the 
green  and  greenish  yellow,  pinaverdol  to  the  green  and  yellow, 
pinacyanol  to  the  orange  and  red  and  dicyanin  to  the  extreme 
red  and  infra-red. 

The  dyestuff  is  applied  to  the  halides  in  one  of  two  ways.  In 
the  commercial  orthochromatic  (sensitive  to  green  and  yellow) 
and  panchromatic  (sensitive  to  all  colors)  plates,  the  dyes  are 
incorporated  in  the  emulsion  and  the  mixture  flowed  over  the  glass 
plate.  The  second  method  consist's  of  bathing  an  ordinary  blue- 
sensitive  plate  in  a  dilute  solution  of  the  dye  and  allowing  the 
plate  to  dr\\^ 

The  bathed  plates  are  in  general  faster  than  the  commercial 
plates  ^  and.  of  course,  have  the  advantage  that  the  plates  can  be 
sensitized  for  any  desired  region.  Certain  dyes,  moreover 
(dicyanin,  for  example),  cannot  be  successfully  incorporated  in 
the  emulsion.  The  bathed  plates,  however,  if  not  used  soon  after 
bathing,  or  if  kept  at  a  high  temperature,  are,  in  the  case  of  most 
dyes,  more  susceptible  to  chemical  fog.  Dicyanin  and  pinacyanol 
bathed  plates  when  prepared  so  as  to  produce  the  greatest  sensi- 
tivity are  useless  after  three  or  four  days. 

It  has  long  been  known  that,  though  at  the  expense  of  keeping 
qualities  and  freedom  from  chemical  fog,  the  speed  of  bathed 
plates  can  be  increased  by  the  addition  of  ammonia  to  the  dye- 

*  Communicated  by  Dr.  Enoch  Karrer. 

'  Eder,  "  Handbuch  der  Photographic,"  1902,  vol.  iii,  p.  169  et.  seq.  For 
the    Bureau   of   Standards   methods    see    Bulletin   Bureau   of    Standards,    14, 

371.    1917. 

'  Eder,  "  Handbuch  der  Photographie."  1902,  vol.  iii,  p.  169.  Reference  to 
Schumann,  Oct.,  1885 ;  Phot.  Wochenbl.,  1885,  p.  395. 
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bath.  Since  this  increase  is  quite  marked  in  the  case  of  some  dyes, 
it  was  hoped  that  in  this  way  commercial  plates  could  have  their 
speed  increased,  and,  at  the  suggestion  of  Dr.  P.  W.  Merrill,  a 
study  was  made  at  the  Bureau  of  Standards  of  the  influence  of 
ammonia  on  commercial  orthochromatic  and  panchromatic  plates. 

SENSITOMETRY. 

Three  methods  of  sensitometry  were  used :  first,  the  three- 
color  screen  method ;  second,  the  spectrograph  method ;  and  third, 
the  Hurter  and  Driffield  method. 

The  first  method,  based  on  Abney's  method,^  which,  however. 

Fig  I- 


9 

a 


a,  lamp  source:  b,  yellow  glass;  c,  slit;  d,  concave  mirror;  e,  diffraction  grating;/,  plate  to  be 

tested. 

was  used  only  as  a  qualitative  method  at  first,  consists  of  exposing 
the  plates  to  a  constant  light  source  (usually  a  nitrogen-filled 
tungsten  lamp  corrected  by  color  screens  so  as  to  have  an  energy 
distribution  similar  to  daylight)  behind  a  so-called  trichromatic 
sensitometer  plate.  This  plate  is  a  neutral  screen  having  four 
strips  of  squares  of  increasing  density,  each  square  having  twice 
the  density  of  the  preceding.  One  of  these  strips  is  left  white, 
while  on  the  others  are  placed  a  red,  a  green,  and  a  blue  filter 
intended  to  be  of  the  same  luminosity  and  mutually  exclusive. 
The  plates  to  l^e  tested  are  thus  exposed  to  varying  intensities  of 
white,  red,  green  and  blue  light. 

The  second  method  avoids  the  difficulty  of  obtaining  filters 
transmitting  pure  spectral  colors,  by  exposing  the  plate  in 
a  spectrograph. 

*  Phot.  Jour.,  June,  1895;  Eder,  "Phot.  Korr.,"  1903,  p.  426.  Chapman 
Jones,  Photo.  Jour.,  1901,  256. 
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The  apparatus  (Fig.  i)  consists  of  a  concave  grating  ot  50 
cm.  radius  with  20,000  lines  per  inch,  mounted  in  parallel  light 
with  a  lOO-watt  "  daylight  "  tungsten  lamp  on  iio-volt  A.  C.  cir- 
cuit as  a  source.  For  use  with  color  sensitive  plates  a  piece  of 
yellow  glass  (7  mm.  thick,  Corning  G  351  CE)  barely  transmit- 
ting the  hydrogen  blue  line  with  wave-length  4861 A  was  placed 
in  front  of  the  slit  to  cut  out  the  second  order  blue.  The  region 
photographed  was  from  about  4800A  to  the  limit  of  sensitivity 
of  the  plate.     A  pair  of  cross-hairs  just  in  front  of  the  plate  at 

Fig  2. 
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the  position  of  the  red  line  of  hydrogen  (wave-length  6563 A) 
and  of  the  blue  hne  (4861A)  served  as  reference  marks.  Fig.  2 
gives  the  energy  distribution  of  the  lamp  and  screen  combination. 
The  energy  was  determined  in  the  spectrophotometric  laboratory, 
visually  on  a  Konig-Martens  Spectrophotometer,  by  a  substitu- 
tion method  of  comparison  with  a  radiometrically  calibrated 
Mazda  lamp. 

The  photographic  densities  were  measured  on  a  Hartmann 
Microphotometer.  This  method  gives  immediately  the  sensitivity 
of  the  plate  to  all  parts  of  the  spectrum;  but  since,  during  the 
course  of  the  work,  minor  changes  (change  of  slit,  resilvering  of 
mirror,  etc.)  were  made,  the  exposure  times  on  different  sets  of 
plates  were  not  always  equivalent. 
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Furthermore,  since  the  plates  were  of  different  kinds  and 
showed  markedly  different  rates  of  development,  they  were,  in  this 
part  of  the  work,  developed  by  tray  until  they  showed  the  amount 
of  fog  allowable  in  plates  to  be  used  in  general  photography.  The 
density  of  the  silver  deposit  obtained  depends  on  the  time  of 
development,  so  that  in  the  curves  obtained  the  shapes  (maxima 
and  minima)  are  the  really  important  parts  and  the  density  is  only 
approximately  a  measure  of  the  speed. 

The  method  generally  adopted  for  the  measurement  of  the 

Fig  3-  / 
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lUord  special  rapid  panchromatic  (S630N).     Untreated;  no  filter;  speed,  4.45. 


speed  is  that  of  Hurter  and  Driffield."*  Specimens  of  the  plate  to 
be  tested  are  exposed  for  the  same  time,  behind  a  sectored  wheel, 
to  a  standard  light  source.  The  transmissions,  T,  of  the  images 
obtained  are  measured  and  their  densities,  defined  as  -  log  T,  are 
plotted  as  ordinates  and  the  logarithm  of  the  time  of  exposure,  E, 
as  ab.scissas. 

The  curve  so  obtained  is  known  as  the  characteristic  curve 
of  the  plate.     It  consists  of  three  parts :  the  first  part  is  concave 


Hurter  and  Driffield,  Jour.  Soc.  Chem.  Industry,  May,  1890,  p.  455. 
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upward,  the  second  is  a  straight  hne  and  the  third  is  concave 
downward.  Prolong  the  straight  line  part  of  the  curve  until  it 
intersects  the  axis  of  abscissas.  The  numerical  value  of  the  ex- 
posure at  the  point  of  intersection  is  known  as  the  inertia,  i,  of  the 
plate  and  the  speed  is  defined  as  i/i.  Hurter  and  Driffield  showed 
that  this  inertia  of  a  plate  is  independent  of  the  kind  of  developer 
used  (except  for  strong  pyro  and  for  the  presence  of  free  bro- 
mide) and  of  the  time  of  development  (see  Figs.  3  and  4).  Free 
bromides,  either  in  the  film  or  in  the  developer,  shift  the  point  of 

Fig  4- 
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Ilford  special  rapid  panchromatic  (s63oN).    Treated;  no  filter;  speed,  18.2. 


intersection  of  the  straight  line  portions  of  the  curv-es  to  a  point 
below  the  axis.  The  plates  for  which  Fig.  5  gives  the  character- 
istic curves  contain  free  bromide  in  the  emulsion. 

The  Hurter  and  Driffield  speeds  for  several  ammoniated  and 
unammoniated  plates  were  obtained,  using  an  apparatus  designed 
and  built  by  Mr.  R.  Davis  of  the  Bureau  of  Standards.  The  light 
source  (a  calibrated  tungsten  lamp)  is  corrected  for  daylight,  and 
means  are  provided  for  accurately  controlling  the  current  through 
the  lamp,  the  speed  of  the  sectored  disc  and  the  total  time 
of  exposure. 
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PROCEDURE. 


A  series  of  Cramer  Spectrum  Process  and  Ilford  Special 
Rapid  Panchromatic  plates  were  bathed  for  four  mintes  at  i6°  to 
1 8°  C.  in  water  containing  increasing  amounts  of  ammonia,  and 
were  then  exposed  in  the  spectrograph.  Both  Metol-Hydro- 
quinone  and  Pyro  developers  were  used.  It  was  soon  found  that 
the  plates  showed  fog  in  development  unless  they  were  kept  cool 
while  drying  and  were  dried  rapidly.  The  plates  showed  a  pro- 
gressive increase  in  speed  with  increase  in  ammonia  concentration 

Fig  5. 
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until,  with  a  bath  containing  4  c.c.  of  ammonia  water  (containing 
20  per  cent.  NH3)  in  100  c.c.  distilled  water,  the  plates  began  to 
fog  so  badly  in  development  as  to  be  useless. 

The  ammonia  was  then  added  to  water-alcohol  mixtures  of 
varying  concentrations.  The  plates  bathed  in  the  alcoholic  am- 
monia did  not  have  their  sensitivity  increased  as  much  as  in  the 
corresponding  water  baths,  but  were  very  much  cleaner  working. 
Seventy-five  parts  of  water  to  twenty-five  of  ethyl-alcohol  gave 
the  best  results,  and  this  proportion  was  adhered  to  thereafter. 
Sometimes  the  plates  showed  a  slight  network  of  fog  (mottling) 
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similar  to  the  drying  marks  shown  when  plates  are  dipped  (not 
soaked)  in  alcohol  to  hasten  drying.  Washing  in  95  per  cent, 
alcohol  for  20  or  30  seconds  after  the  ammonia  bath  prevented 
this,  but  this  final  wash  is  not  usually  necessary,  especially  if  the 
plates  are  not  forced  in  development. 

Fi&-  6  gives  the  spectral  sensitivity  curves  of  a  series  of 
Cramer  Spectrum  Process  plates  in  baths  containing  ^/^q,  ^/k,,  ^, 
I  and  3  c.c.  of  20  per  cent.  NH3  ammonia  water  to  an  alcohol- 
water  mixture  of  25  parts  of  alcohol  and  75  parts  of  water. 

Three  to  35^  c.c.  of  the  strong  ammonia  to  75  c.c.  of  water  and 

Fig  6. 


WAVELENGTH 


Cramer  spectrum  process  (1439).  A,  untreated;  B,  '/<i)  c.c.  ammonia;  C,  '/lo  c.c.  ammonia; 
D.'/ic.c.  ammonia;  E,  i  c.c.  ammonia;  F,  3  c.c.  ammonia;  75  c.c.  water;  25  c.c.  alcohol.  Same 
exposure  and  development. 

25  C.C.  alcohol  was  adopted  as  the  combination  to  be  used,  and 
except  for  a  few  trials  on  various  plates,  the  plates  were  all  treated 
with  this  same  mixture. 

The  time  of  bathing,  2,  4,  or  6  minutes,  had  no  appreciable 
effect,  provided  that  the  film  was  bathed  long  enough  to  get  thor- 
oughly soaked.  Four  minutes  was  the  time  used  for  bathing  in 
all  subsequent  experiments. 

For  a  study  of  the  keeping  qualities  of  the  plates,  a  number  of 
Cramer  Spectrum  Process  and  II ford  Panchromatic  plates  were 
treated  and  samples  of  the  treated  plates  exposed  and  developed 
after  being  stored  for  various  lengths  of  time.  The  Cramer 
plates  showed  deterioration  after  a  week  but  were  still  usable. 
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The  II ford  plates  were  useless  after  3  or  4  days.     The  plates 
bathed  without  the  use  of  alcohol  deteriorated  more  rapidly. 

The  bath  of  3  to  31^  c.c.  of  ammonia  water  (20  per  cent. 
NHg),  25  c.c.  of  alcohol  and  75  c.c.  of  water'  is  recommended. 
Three  and  one-half  c.c.  of  ammonia  water  to  100  c.c.  of  water  is 
used  where  the  maximum  increase  of  sensitivity  is  desired,  but  the 
plates  are  much  more  susceptible  to  fog  in  development  and  must 
be  used  within  a  few  hours  of  drying.  Development  should  be 
carried  out,  using  the  Wratten  Safelight  No.  3  and  over-develop- 
ment carefully  guarded  against. 

ORDINARY  PLATES. 

As  is  well  known,  the  speed  of  the  silver  halide  emulsion  can  be 
increased  by  treatment  before  it  is  flowed  on  the  plate.  This 
treatment,  known  as  "  ripening,"  is  usually  either  to  keep  the 
emulsion  at  a  high  temperature  for  some  time  or  to  add  ammonia. 
This  ripening  by  ammonia  is  effective  even  after  the  plates  are 
ready  for  use."'"' 

On  ripened  plates  such  as  the  Seed  30  and  Central  Special,  and 
on  the  Seed  23,  there  is  no  appreciable  increase  in  speed  when  they 
are  bathed  in  ammonia.  In  some  cases  there  is  rather  a  slight 
decrease  in  speed.  On  one  plate  known  to  have  been  ripened  by 
the  ammonia  process  before  coating  (Central  Dry  Plate  Co.) 
which,  however,  was  not  fresh,  this  increase  in  speed  on  subse- 
quent bathing  in  ammonia  was  quite  apparent. 

Microscopic  examination  of  the  treated  and  untreated  plates 
showed  no  difference  in  the  size  of  the  grain. 

ORTHOCHROMATIC   PLATES. 

A  number  of  plates  sensitive  to  the  green  and  yellow  were 
tried.  Most  of  them  showed  no  appreciable  change  in  sensitivity. 
Some  had  the  sensitivity  decreased,  e.g.,  Cramer  Commercial 
Isonon.  The  sensitivity  of  the  Seed  Aero  Ortho  was  in- 
creased slightly. 

Fig.  7  is  a  print  from  treated  and  untreated  Cramer  Com- 
mercial Isonon  negatives  obtained  through  the  tricolor  sensitom- 
eter  plate.  Fig.  8  is  a  similar  set  on  the  Seed  .\ero  Ortho.  It 
will  be  noted  that  the  change  in  sensitivity  can  he  ()I)scrved  in 
all  the  strips. 

''  Eder,  "  Handbuch,"  iii,  p.'  63. 
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The  Cramer  "  Trichromatic  "  showed  an  increase  in  sensi- 
tivity comparable  to  that  observed  in  the  Spectrum  Process. 

Treatment  of  Eastman  and  of  Ansco  N.  C.  films,  which  are 
orthochromatic,  showed  no  change  larger  than  the  differences 
attributable  to  experimental  errors. 

PANCHROMATIC   PLATES. 

Every  panchromatic  plate  tried  showed  remarkable  increase 
in  speed.  The  very  fast  plates,  several  of  which  were  developed 
only  recently  in  response  to  the  need  for  fast  color  sensitive  plates 
for  aerial  photography,  showed  a  somewhat  smaller  increase  than 
the  slower  and  process  plates. 

The  plates  examined  were  : 

Cramer  Spectrum  Process ; 

Ilford  Panchromatic  (Special  Rapid)  ; 

Five  of  the  Eastman  Special  Experimental  Panchromatic  plates; 

Wratten  and  Wainwright  Special  Red  Sensitive  ; 

Wratten  and  Wainwright  R.  F.  C.  Panchromatic ; 

Wratten  and  Wainwright  Panchromatic  : 

Wratten  M ; 

Cramer  Spectrum  No.   ii; 

Cramer  G  D  I,  G  D  II,  G  D  III; 

Central  Experimental  Panchromatic. 

Wherever  possible  several  different  emulsions  were  used. 

Figs.  9,  lo,  and  1 1  are  prints  from  pairs  of  Wratten  and 
Wainwright  Special  Red  Sensitive,  one  of  the  Eastman  Experi- 
mental emulsion  and  Ilford  Panchromatic  plates.  The  three  sets 
of  prints  were  exposed  and  developed  exactly  alike  on  Artura 
Iris  paper.  Even  though  the  paper  cannot  reproduce  all  the  grada- 
tions of  the  original  negative,  they  do  give  fairly  well  the  relative 
speeds  of  these  three  brands  of  plates  and  show  quite  well  the 
great  increase  in  speed  effected  by  the  ammonia  treatment. 

This  sensitometer  ]>1ate  method  gives  the  relative  si)eeds 
of  plates  towards  filters,  but  since  the  filters  do  not  transmit  pure 
spectral  colors  (the  blue  transmits  a  band  in  the  red  and  the  trans- 
mission of  the  three  filters  overlap)  more  can  be  learned  of  the 
color  sensitivity  from  the  spectrograph  curves. 

Fig.  12,  a  print  from  a  treated  and  an  imtrcatcd  Sj)ec- 
trum  Process  Plate,  shows  the  sensitivity  of  the  plate  to 
each  wave-leneth. 

Fig.  13  gives  the  spectra'  sensitivity  curves  obtained  with  the 
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Fig  9- 


UNTREATED 


Wratten  &  Wainwright  special  red  sensitive. 


Fig  10. 


C  C5  CD  J  (TO 

UNTREATED  TREATED 

Eastman  experimental  panchromatic  EIV. 
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Fig  II 


U-F.t. 


C5 
UNTREATED 


TREATED 


Ilford  special  rapid  panchromatic  56418. 

Fig  12- 


Cramer  spectrum  process  (panchromatic). 


Spectrum  I'rocfss  ])latc' :  5-  and  lo-sccond  exposures  on  the  treated 
and  10  seconds'  exposure  on  the  untreated  plate. 

Fi^.  14  jj^ives  the  curves  for  one  of  the  I^astnian  Kodak  Com- 
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pany's  special  exj^erimental  Panchromatic  Plates.  Both  curves  are 
for  lo-second  exposures. 

In  Fiij.  15.  curve  A  is  for  the  lo-second  exposure  on  the  un- 

FiG  13. 
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CrBiner  spectrum  process  (1439).     A,  untreated,   lo-second  exposure;  B,  treated,  5-second  ex- 
posure; C,  treated,  lo-second  exposure. 

Fig  14- 
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Eastman  special  experimental  panchromatic  (EIV  2165D).    .4.  untreated,  10  seconds  exposure 
B,  treated,  10  seconds  exposure. 

treated  II  ford  Panchromatic  plate.     Curve  B  is  for  the  5-second 
exposure  on  the  treated  plate. 

One  of  the  most  striking  changes  produced  by  the  ammonia 
treatment  was  the  action  on  old  panchromatic  plates.  A  Wratten 
and  Wainwright  plate  marked  "  use  l)efore  September  15,  191 5," 
was  exposed  on  Octol^er  21,  191 8,  in  the  spectrograph.     As  was 
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to  be  expected,  the  plate  was  badly  fogged  on  the  edges  and  the 
sensitivity  of  the  emulsion  was  much  below  that  of  a  fresh  plate. 
Treatment  with  ammonia  brought  the  sensitivity  up  to  an  even 
greater  value  than  that  possessed  by  a  fresh  plate  (see  Figs. 
i6  and  17). 

Fig  15- 
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Ilford  special  rapid  panchromatic  (56418).     A.  untreated,   10  seconds  exposure;  R.  treated,  s 

seconds  exposure. 

The  Hurter  and  Driffield  curves  for  some  of  these  plates  gave 
the  following  values  for  the  .speed : 

Untreated  Treated 

White  Light 

Cramer  Spectrum   Process   (14.W)    10.2  25.1 

Eastman  Experimental  Panchromatic  IV  d. .    12.6  17.7 

Ilford  Special  Rapid  Panchromatic  5630  N..     4.45  18.2 

Standard  Orthonon    23 

Minus  Blue  Filter 


Eastman  Experimental  Panchromatic  2199. .     1.91 
Ilford   Special  Rapid  Panchromatic  56,416..     4.37 


4-37 
13-5 

F  Filter 

Cramer  Spectrum  Process  (i439)   0-49  i-88 

Eastman  Experimental  Panchromatic  IV  d.     0.57  2.18 


The  figures  give  the  absolute  speeds  of  the  plates  to  white  light 
and  through  the  Wratten  Minus  Blue  and  I''  iMltcrs  on  the 
Hurter  and  Driffield  scale.  The  value  for  the  speed  of  the  Stand- 
ard Orthonon  plate  to  white  light  obtained  on  the  same  apparatus 
is  given  for  comparison.  The  Mimis  P>lue,  a  deep  yellow  filter, 
cuts  out  all  the  blue  and  violet  light,  while  the  F,  a  deep  red. 
transmits  only  the  long  red  wave-lengths. 
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These  figures  show  the  remarkable  increase  in  speed  of  the 
plates,  particularly  in  the  long  wave-length  region.  Thus  the 
Cramer  Spectrum  Process  plates  are  increased  in  speed  150  per 

Fig  i6. 


Wratten  &  Wainwright  panchromatic.     Expiration  date,  September  is.  IPIS- 
Used  October  21,  1918. 
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Wratten  &  Wainwright  panchromatic  (93s).  Expiration  date.  September,  1915.  Used.  Oc 
tober,  1918.  A,  untreated.  10  seconds  exposure;  B,  untreated,  20  seconds  exposure;  C.  treated. 
10  seconds  exposure. 


Through 


cent,  to  white  light  and  nearly  400  per  cent,  to  the  red. 

the  Minus  Blue  filter  one  of  the  Ilford  plates  is  increased  300 

per  cent. 

These  plates  were  used  in  experiments  in  airplane  photog- 
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raphy,  where  for  photographing  through  the  haze  a  fast  red- 
sensitive  plate  is  necessary.  Fig.  1 8  is  a  set  of  prints  from  the 
II  ford  plates.  Prints  a  and  b  were  printed  for  the  same  time 
from  the  untreated  and  treated  plates.  Print  c  is  from  the  un- 
treated negative  timed  to  give  the  best  print.  The  negatives  were 
given  the  same  exposure  in  the  air  and  were  exposed  within  a  few 
seconds  of  each  other  through  the  Minus  Blue  filter. 

Fig.  i8a. 


AMMONIATED  PLATE.     PRINTED  21    SECONDS. 
Hyperscnsitized  Ilford  plate.    ii„  second  exposure.     Minus  blue  filter.    Oblique  from  4.000  feet 

The  increased  speed  of  the  treated  plate  is  apparent.  It  will 
be  seen,  also,  that  the  treated  i)late  is  less  conlrasty  and  gives  much 
l)etter  detail  in  the  shadows. 

Fig.  iQrt  is  from  a  Seed  30  plate  used  with  no  filter  at  an 
altitude  of  17,000  feet  on  a  slightly  hazy  day.  Fig.  igb  shows  the 
same  scene  taken  on  a  treated  Spectrum  Process  plate  through  the 
A  filter.  The  pictures  were  taken  simultaneously  in  a  multiple  lens 
camera.  The  increased  haze  penetration  obtainable  b\-  the  use 
of  the  red  filter  is  clearlv  shown. 
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UNTREATED  PLATE.     PRINTED  21   SECONDS. 
Ilford  panchromatic  plate,     yjj  second  exposure.     Minus  blue  filter.     Oblique  from  4,000  feet. 


UNTREATED  PLATE.     PRINTED  8  SECONDS 
Ilford  panchromatic  plate,    jio  second  exposure.     Minus  blue  filter.     Oblique  from  4,000  feet. 
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ACTION  ON  MINIMA. 

On  every  plate  which  had  an  irreg-ular  curve  of  spectral  sensi- 
tivity, the  minima  were  raised  and  in  many  cases  smoothed  out 
entirely.  For  example,  note  the  minima  at  6100A  (Fig.  13),  at 
5200A  and  5850A  (Fig.  14),  and  at  5200A  and  6100A  (Fig.  17). 
This  property  of  the  ammonia  treatment  adds  greatly  to  the  value 

Fig.  19a. 


SEED  30  PLATE,    F/ll.     NO  FILTER. 

30°  oblique  from  17,000  feet.    Hazy  day.     yin  second  exposure.     Taken  simultaneously  with 

196  in  a  multiple  lens  camera. 

of  the  plates  in  the  photography  of  spectra,  especially  as  the  sensi- 
tivity is  extended  some  200  Angstnim  units  further  into  the  red 
at  the  same  time.  The  bad  effect  of  a  minimum  is.  however, 
.smoothed  out  to  some  extent  in  ordinary  photography 
through  filters. 

PLATES  WITH  KNOWN  DYESTUFFS. 

'ITic  difference  in  iK'havior  between  the  ordinary  and  ortlio- 
chromatic  plates  and  the  panchromatic  plates  shows  clearly  that 
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the  sensitivity  increase  dealt  with  here  is  not  that  observed  by 
Eder.  which  is  due  to  "  ripening,"  but  is  an  action  associated 
with  the  dyestufif. 

The  effect  of  the  ammonia  is  to  increase  the  sensitivity  of  the 
emulsion  to  the  incident  light  and  not  to  increase  the  develo])- 
ahility  of  a  latent  image  already  formed,  since  a  plate  treated  w'ith 

Fig.  19b. 


HYPERSENSITIZED  CRAMER  SPECTRUM   PROCESS  PLATE.    F  4.5.    WRATTEN  A  FILTER. 

30°  oblique  from  17,000  feet.     Hazy  day.    fht;  second  exposure.     Taken  simultaneously  with 
19a  in  a  multiple  lens  camera. 

ammonia  after  exposure  but  before  development  showed  no  in- 
crease in  sensitivity.  That  the  action  is  not  due  to  the  alkalinity 
of  the  bath  is  shown  by  the  fact  that  bathing  in  a  solution  of 
sodium  hydroxide  having  the  same  concentration  of  OH  ions  had 
no  effect  on  the  speed  of  the  plate. 

Part  of  the  increase  in  speed  is,  probably,  due  to  the  fact 
that  some  of  the  dyestuff  in  the  gelatine  film  is  washed  out  and 
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its  screening  effect  diminished.  The  ammonia  bath  becomes  col- 
ored with  use  and  a  color  difference  is  observed  between  the 
untreated  and  treated  plate  before  development. 

The  pinaverdol  dyes  sensitize  for  the  green  and  yellow  and  an 
orthochromatic  plate  containing  one  of  this  series  of  dyes  has  the 
sensitivity  increased  by  the  ammonia  treatment.  Fig.  20  is  a  plate 
made  up  by  the  Cramer  Dry  Plate  Co.,  using  pinaverdol  Pv.  I., 
made  by  the  Bureau  of  Chemistry,  and  marked  by  Cramer  "  simi- 
lar to  Trichromatic."  The  Trichromatic  plate  has  the  sensitivity 
curve  of  a  pinaverdol  dyed  plate  and  Fig.  21  gives  the  curve 
before  and  after  ammonia  treatment. 


Fig  20- 


70 
60 
50 
40 
30 
20 
10 


y 

/^ 

\ 

/ 

fy 

^ 

\ 

If 

/ 

/ 

\ 

I 

/ 

0 

\ 

-'J 

V 

.  t 

O  ri/'  o  o 

WAVELENGTH 


G  D  IV. 


Pvl  (similar  to  trichromatic);   A,  untreated,   lo   seconds  exposurt; 
seconds  exposure. 


B,  treated,   l» 


Mixtures  of  pinaverdol  and  pinacyanol  are  the  dyes  usually 
used  in  the  preparation  of  panchromatic  plates  intended  for  spec- 
trum photography.  The  mixture  of  these  two  dyes  alone  leaves 
a  strong  minimum  at  about  6100A.  The  ammonia  treatment 
smooths  out  the  minimum.  In  many  plates  intended  for  general 
photography  other  dyes  are  added  to  sensitize  in  this  region 
(see  Fig.  17). 

Fig.  22  gives  curves  for  a  plate  (similar  to  their  Spectrum 
Plate)  made  up  by  the  Cramer  Co.,  using  a  mixture  of  the  Bureau 
of  Chemistry's  pinacyanol,  Pc.  XII.,  and  pinaverdol,  Pv.  I.     It 
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will  be  noted  that  the  addition  of  pinacyanol  lowers  the  maximum 
due  to  the  pinaverdol. 

The  dyes  used  in  sensitizing  are  nearly  all  basic  dyes,  and  it 
is  not  probable  that  the  ammonia  changes  the  dye  itself.    On  the 

Fig  21- 
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Cramer  trichromatic,  No.  21.     A,  untreated,  10  seconds  exposure;  B,  treated,  10  seconds  ex- 
posure. 

Fig  22. 
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G  D  ni.    PcXII  and  Pvl;  A,  untreated,  10  seconds  exposure;  B,  treated,  10  seconds  exposure. 

addition  of  ammonia  to  the  dye  solution  before  bathing,  there  is 
no  color  change.  It  is  possible  that  the  solvent  action  of  the 
ammonia  on  the  silver  halide  facilitates  the  reaction  between  the 
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dyestuff  and  the  silver  salt,  in  addition  to  its  softening  efifect  on 
the  gelatin.  This,  however,  does  not  account  for  the  raising  of  the 
minima.  It  is  possible  that  there  is  the  formation  of  a 
AgNHgCl  +  Dyestuff  molecule  with  a  photosensitiveness  shghtly 
different  from  that  of  the  original  molecule. 

SUMMARY. 

Since  ammonia,  when  added  to  the  dye  bath  in  preparing 
bathed  plates,  increases  the  sensitizing  action  of  the  dye,  its  actitDn 
on  commercial  plates  was  investigated. 

In  the  course  of  the  work  three  methods  of  sensitometry  were 
used.  Of  these,  one  was  used  as  a  first  qualitative  test ;  the  second, 
the  spectrograph  method,  was  used  to  study  the  effect  of  the 
ammonia  on  the  sensitivity  of  the  plate  to  each  wave-length ;  the 
third,  the  Hurter  and  Driffield  method,  gives  the  absolute  value 
of  the  speed  of  the  plate. 

It  was  found  that  by  bathing  commercial  panchromatic  plates 
in  a  solution  of  25  c.c.  ethyl-alcohol,  75  c.c.  water,  and  3  c.c.  of 
strong  ammonia  water  (20  per  cent.  NH3)  for  four  minutes  at 
18°  C.  and  drying  rapidly,  the  speed  to  white  light  is  increased 
100  per  cent,  in  nearly  all  cases,  and  the  sensitivity  in  the  red 
extended  one  hundred  or  more  Angstrom  units.  The  speed  in  the 
red  is  increased,  in  many  cases,  400  per  cent.  If  the  plates  be 
bathed  without  the  alcohol  (100  c.c.  water.  3^  c.c.  ammonia 
water)  the  speed  is  still  more  increased,  but  the  plates  should  be 
used  immediately  after  drying. 

Ordinary  plates  do  not  have  their  sensitivity  appreciably 
changed.  Most  brands  of  orthochromatic  plates  are  not  improved, 
although  one,  the  Cramer  Trichromatic,  showed  the  same  increase 
as  the  panchromatic  plate. 

My  thanks  are  due  to  Dr.  J.  S.  Ames  for  his  supervision  of 
the  present  investigation  and  for  valuable  advice  rendered  durir.g 
many  conferences. 

The  energy  distribution  of  the  Hcfht  source  in  the  spectro- 
graph was  determined  by  Mr.  E.  P.  T.  Tyndall  and  "Mr.  H.  T. 
McNicholas  of  the  spectrophotometric  lalwratory.  I  am  also  in- 
debted to  ATr.  R.  Davis  and  Mr.  F.  M.  Walters.  Jr..  through  whose 
help  the  Hurter  and  Driffield  curves  were  obtained,  and  to  Dr. 
C.  C.  Kiess.  under  who.se  direction  and  cooperation  most  of  the 
work  was  done. 


WULFENITE:    ITS    CONCENTRATION    AND    SEPARA- 
TION FROM  BARITE.* 


BY 


J.  P.  BONARDI. 

Assistant  Chemist,  U.  S.  Bureau  of  Mines. 

DuRiXG  the  past  two  years  a  number  of  articles  concerning 
the  mining  and  concentration  of  molybdenum  ores  have  appeared 
in  the  technical  and  mining  journals.  These,  however,  have  been 
confined  almost  wholly  to  the  description  of  methods  employed 
in  the  treatment  of  molybdenite  (M0S2)  ore.  This  has  been 
chiefly  due  to  the  fact  that  there  are  larger  deposits  of  this  mineral 
in  the  United  States  than  of  wulfenite  (PbMo04),  the  other  com- 
mercial molybdenum  ore.  The  advent  of  flotation  and  its  adapt- 
ability to  the  concentration  of  molybdenite  resulted  in  the  United 
States  producing,  during  the  war  and  since,  more  molybdenum 
than  any  country  in  the  world.  Several  methods  of  concen- 
trating molylxienite  ores  have  been  used  with  varying  sue 
cess,  depending  upon  the  grade  and  character  of  ore  treated.  The 
methods  which  have  l^een  successful  on  molybdenite  include  roll- 
ing and  screening  processes,  surface  tension  and  oil  flota- 
tion processes  and  electrostatic  methods.  Oil  flotation  has 
proven  so  successful,  especially  on  low-grade  material,  that  it 
is  being  used  almost  exclusively.  As  a  consequence,  it  would 
be  safe  to  say  that  over  80  per  cent,  of  the  molybdenum 
produced  came  from  molybdenite  concentrates  obtained  by  oil 
flotation,  with  an  average  extraction  of  70-80  per  cent,  of  the 
M0S2  with  a  ratio  of  concentration  of  100  to  i,  depending  upon 
the  grade  of  product  made.  Colorado  ranks  first  in  the  United 
States  as  a  source  of  molybdenum,  having  produced  during  the 
year  (1918)  665  tons  of  concentrates,  figured  on  a  basis  of  90 
per  cent,  molybdenum  sulfide  valued  at  $1,436,400.^  This,  when 
compared  with  the  world  production  of  between  250  and  300  tons 
(Mo)  for  191 5,  indicates  the  importance  of  Colorado  as  a  source 
of  molybdenum  from  molybdenite  ores.    The  principal  working 

*  Communicated  by  the  Director  of  the  Bureau  of.  Mines. 
'  Fifteenth  Biennial  Report  of  the  Bureau  of  Mines,  State  of  Colorado, 
191--1918,  p.  107. 
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deposits  in  Colorado  occur  at  Climax,  Summit  County,  and  near 
Empire,  Clear  Creek  County.  Other  commercial  deposits  being 
worked  at  the  present  time  occur  at  Questa,  New  Mexico ;  Pitkin, 
Colorado,  and  near  Nogales,  Arizona.  Colorado,  Arizona,  New 
Mexico,  California,  Montana  and  Washington  constitute  the 
principal  states  where  either  molybdenite  or  wulfenite,  or  both, 
occur.  These,  as  well  as  the  minor  deposits  of  molybdenum  ores 
in  the  United  States,  are  described  by  F.  W.  Horton.- 

Little  has  l>een  published  concerning  wulfenite  ores  and  their 
concentration  and,  therefore,  it  is  desired  to  emphasize  in  this 
paper  the  methods  employed  in  the  ore  dressing  of  wulfenite 
ores — especially  the  separation  of  this  mineral  from  barite 
gangue.  Although  there  are  several  molybdenum  minerals  found 
in  this  country  besides  molybdenite  and  wulfenite,  these  two  are 
the  only  ores  of  molybdenum  that  are  considered  of  any  com- 
mercial importance;  the  others  being  rare  with  one  exception, 
molybdite  (Fe20.,.3Mo0...7^H20),  which  commonly  occurs 
with  molybdenite  as  an  alteration  product,  and  the  recovery  of 
which  is  difficult  by  the  flotation  process. 

WULFENITE. 

Horton  ^  describes  the  mineral  as  follows  : 

Wulfenite  is  a  molybdate  of  lead  (PbMoOj)  and  theoretically  contains 
26.15  per  cent,  of  molybdenum  and  56.42  per  cent.  lead.  It  is  a  heavy,  brittle, 
subtransparent  to  subtranslucent  mineral  with  a  resinous  or  adamantine  lus- 
tre, and  is  generally  of  a  wax  or  orange-yellow  color.  It  may,  however,  be 
siskin  and  olive  green,  yellowish-gray,  brown  grayish-white  to  nearly  colorless, 
or  orange  to  bright  red.  Its  hardness  is  2.75  to  3  and  its  specific  gravity  is 
6.7  to  7.  It  has  a  subconchoidal  fracture  and  a  white  streak.  In  planes  parallel 
with  its  crystal  pyramid  faces  it  has  a  smooth  cleavage,  but  in  other  directions 
the  cleavage  is  less  distinct.  It  crystallizes  in  the  tetragonal  system  with  pyram- 
idal hemihedrism.  The  crystals  are  commonly  square  and  tabular  and  are 
sometimes  extremely  thin,  with  a  vicinal  pyramid  replacing  the  basal  plane. 
Less  frequently  the  crystals  are  octahedral  or  prismatic,  the  prismatic  faces 
showing  the  hemihedrism  characteristic  of  the  mineral. 


QUALITATIVE  TESTS. 

I.   ( )iu'  of  the  best  tests  is  to  fuse  some  of  the  pnherized  ore 
with  .sodium  or  potassium  carbonate  to  which  a  small  amount  of 

*  Horton,  F.  W.,  "Molybdenum,  Its  Ores  and  Their  Concentration."    Bul- 
letin III,  Bureau  of  Mines  (1916). 
'  I.oc.  cit.,  p.  9. 
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potassium  or  sodium  nitrate  has  been  added.  The  fusion  is 
treated  with  water,  heated  and  filtered ;  the  filtrate  is  acidified 
with  HCl  and  boiled  several  minutes  to  expel  all  carbon  dioxide. 
Some  ammonium  or  potassium  thiocyanate  is  added,  followed 
by  zinc;  if  molybdenum  is  present,  a  bright  cherry-red  color  rap^ 
idly  develops  that  will  disappear  only  on  prolonged  standing  in 
the  presence  of  zinc.  If  hydrogen  peroxide  is  added  to  the  solu- 
tion immediately  after  the  cherry-red  color  has  developed,  the 
color  disappears  but  returns  as  soon  as  the  peroxide  has  been 
reduced.  When  only  small  amounts  of  molybdenum  are  present, 
if  the  solution  is  shaken  with  a  small  volume  of  ether  after  the 
thiocyanate  and  zinc  have  been  added,  any  color  in  the  liquid 
will  be  extracted  by  the  ether  and  intensified  as  a  golden-brown 
in  the  ether  ring  that  forms  at  the  top  of  the  liquid  on  standing. 
This  makes  visible  a  color  that  before  may  have  been  imper- 
ceptible. Should  the  fusion  be  imperfect  with  an  extraction  of 
iron  in  the  leach  from  the  fused  carbonates,  a  cherry-red  color 
will  immediately  develop  on  the  addition  of  the  potassium  or 
ammonium  thiocyanate  to  the  solution.  On  adding  the  zinc, 
however,  the  color  due  to  iron  disappears,  and,  unless  a  large 
quantity  of  iron  has  been  brought  into  solution,  this  color  will 
completely  disappear  prior  to  the  development  of  any  color  due 
to  molybdenum.  If  this  color  reaction  of  iron  and  its  disap- 
pearance on  addition  of  zinc  are  borne  in  mind,  the  above  test  for 
molybdenum  is  excellent.^ 

2.  With  the  blow'pipe  on  charcoal,  wulfenite  decrepitates  and 
fuses,  giving  a  yellow^  coating  of  lead  oxide  on  the  charcoal,  and, 
when  heated  with  soda  ash  on  charcoal,  it  yields  metallic  lead; 
with  a  salt  of  phosphorus,  it  gives  a  yellowish-green  glass  in  the 
oxidizing  flame,  which  becomes  dark  green  in  the  reducing  flame ; 
with  borax  in  the  oxidizing  flame,  it  gives  a  colorless  glass  which 
in  the  reducing  flame  1)ecomes  opaque  black,  or  dirty  green. 

3.  A  pinch  of  pow'dered  molybdenum  ore  on  a  porcelain  lid, 
if  moistened  with  a  few  drops  of  nitric  acid  so  as  to  make  a  paste, 
and  heated  nearly  to  dryness,  then  followed  by  0.5  c.c.  of  con- 
centrated sulphuric  acid,  will,  after  being  heated  to  fumes  and 
allowed  to  stand,  produce  a  blue  color  when  breathed  upon ;  a 
drop  of  alcohol  added  at  this  point  will  hasten  this  color  reaction. 
The  color  will  disappear  on  heating,  but  if  allowed  to  stand  for 

*  Horton,  loc.  cit.,  p.  40. 
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some  time  will  reappear  on  cooling.     Water  will  also  destroy 
the  color. 

4.  An  alkaline  solution  of  a  molybdate  free  from  iron,  after 
acidifying  with  acetic  acid.  will,  on  the  addition  of  potassium 
ferrocyanide  or  tannic  acid,  produce  a  deep  red  to  brown  colora- 
tion. Pyrogallol,  under  similar  conditions,  will  give  an  orange 
coloration.  None  of  the  tests,  however,  are  as  sensitive  as  the 
ammonium  or  potassium  thiocyanate  test  previously  given. 

OUTLINE  OF   METHODS  FOR  DETERMINING  MOLYBDENUM  IN 
WULFENITE   ORES. 

Wulfenite,  when  powdered  sufficiently  fine,  is  completely  sol- 
uble in  a  mixture  of  hydrochloric  and  sulphuric  acids,  or  nitric 
and  sulphuric  when  taken  to  fumes.  If  desired,  a  mixture  of  the 
three  acids  may  be  used ;  only  rarely  will  the  residue  from  such 
acid  treatments  contain  any  undissolved  molybdenum.  After 
cooling  the  hot  sulphuric  acid,  water  is  added :  and  then,  without 
filtering  off  the  insoluble  matter,  an  excess  of  ammonium  hydrox- 
ide. Boil,  filter  and  wash  well  w-ith  hot  water.  Redissolve  the 
precipitate  in  dilute  sulphuric  acid  and  reprecipitate,  boil,  filter 
and  wash.  The  filtrate  will  be  clear  and  colorless,  and  the  molyb- 
denum will  be  found  in  solution  as  ammonium  molybdate.  The 
filtrate  is  then  acidified  with  HCl,  and  ammonium  acetate  added, 
followed  by  a  few  cubic  centimetres  of  acetic  acid.  Lead  acetate 
will  precipitate  from  such  solution  lead  molybdate  as  a  white 
precipitate.  Chromium,  vanadium,  tungsten  and  phosphorus  wnll, 
however,  interfere  with  this  latter  precipitation,  and  if  their  pres- 
ence is  known,  they  must  be  removed  l:>efore  the  precipitation  of 
molybdenum  is  made.  Phosphorus  is  usually  precipitated  along 
with  the  iron  group;  however,  to  insure  this  precipitation  it  is 
advisable  to  add  a  few  cubic  centimetres  of  ferric  chloride  solution 
before  adding  the  ammonium  hydroxide.  Chromium  and  tung- 
sten are  rarely  found  associated  with  molybdenum  ores.  Molyb- 
denum is  separated  from  vanadium  by  passing  IL.S  into  a  slightly 
acid  solution  under  pressure. 

The  above  acid  method  of  decomposition  forms  the  basis  for 
the  successful  quantitative  determination  of  molybdenum.  At 
the  point  where  the  lead  acetate  is  added  to  the  acetic  acid  solu- 
tion, a  standard  lead  acetate  solution  can  be  run  from  a  burette 
until  a  test  drop  gives  no  color  change  with  a  dro])  ol  tannic  acid 
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indicator  solution.  This  method  is  the  reverse  of  the  ammonium 
molybdate  method  for  the  determination  of  lead.  Better  results 
are  obtained,  however,  if  the  lead  molybdate  precipitate  is 
weighed.  If  desired,  the  molybdenum  can  be  determined,  after 
making-  the  ammoniacal  filtrate  acid  with  surphuric,  by  passing 
through  a  Jones  reductor  and  titrating  with  a  standard  permanga- 
nate solution.  The  details  for  the  successful  determination  of 
molybdenum  in  ores,  as  outlined  above,  and  the  removal  or  deter- 
mination of  the  interfering  elements,  have  been  definitely  estab- 
lished and  carefully  worked  out.  This  wnll  be  described  in  a 
Bureau  of  Mines  technical  paper."' 

SOURCE    AND    IMPORTANCE    OF    WULFENITE. 

Up  to  191 5.  wulfenite  ores  constituted  the  principal  source 
of  molybdenum  in  this  country.     Horton  "^  states  that : 

Wulfenite  ores  from  Arizona  have  supplied  the  larger  part  of  the  molyb- 
denum produced  in  this  country  to  191 5,  and  on  account  of  the  ease  with  which 
they  are  concentrated  they  should  prove  a  strong  competitor  of  molybdenite 
for  markets  that  do  not  require  concentrates  with  a  high  molybdenum  content. 

The  deposits  in  Arizona  are  largely  confined  to  the  four 
southern  counties,  Cochise,  Pima,  Pinal  and  Yuma,  wnth  a  few 
in  Gila,  Maricopa  and  Yavapai  Counties.  Besides  the  deposits 
occurring  in  Arizona,  wulfenite  has  been  reported  in  several  scat- 
tered localities  throughout  the  Western  States  of  Nevada,  New 
Mexico,  Utah.  California  and  Montana.  The  location,  geology, 
extent  and  development  of  all  these  wulfenite  deposits  are  given 
by  Horton."  Several  of  these  deposits  of  wulfenite  might  be 
worked  at  a  profit  and  would  have  a  better  chance  to  compete 
with  the  molybdenite  market  if  more  were  known  regarding  the 
metallurgical  treatment  of  the  concentrates.  The  writer  has 
suggested  in  another  paper — "  Notes  on  the  Metallurgy  of  Wul- 
fenite." published  in  Chemical  and  Metallurgical  Engineering. 
vol.  xxi,  Sept.  15.  1 91 9.  p.  364 — a  process  for  such  treatment. 

In  general,  it  may  be  stated  that  deposits  of  wulfenite  are  con- 
fined almost  wholly  to  veins  in  which  it  occurs  with  other  lead 
minerals,  but  sometimes  occurring  in  seams,  stringers  and  cracks 
throughout  ore  bodies  that  are  mined  for  gold  and  silver. 

"  Bonardi,  J.  P.,  and  Barrett.  E.  P.,  Tech.  Paper  231,  Bureau  of  Mines, 
"  Determination  of  Molybdenum." 
*  Loc.  cit.,  p.  45. 
'  Horton,  loc.  cit.,  pp.  45-53. 
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CONCENTRATION    AND    ASSOCIATED    MINERALS. 

The  successful  concentration  of  wulfenite  presents  few  dif- 
ficulties, as  the  ordinary  wet  processes  of  concentration  by  jigs, 
tables  and  vanners,  such  as  are  used  in  concentrating  mills  for 
treating  lead,  copper,  zinc  and  pyrite  ores,  may  be  applied  with 
success  on  wulfenite  ores.  These  ores  are  also  amenable  to  pneu- 
matic separators  of  various  types,  which  can  be  used  when  it  is 
difficult  to  obtain  a  water  suppily  for  the  wet  processes.  Wul- 
fenite rarely  occurs  in  finely  disseminated  form,  as  is  common  with 
certain  tungsten  ores.  A  small  amount  of  crushing  will  give  a 
free  cleavage  of  the  mineral  from  the  associated  gangue ;  there- 
fore, the  conditions  for  wet  concentration,  or  pneumatic  methods, 
are  favorable.  In  addition,  wulfenite  does  not  slime  to  the  same 
extent  as  some  of  the  more  common  minerals,  such  as  galena  and 
pyrite.  The  specific  gravity  is  high,  (i."]  to  7,  so  that  it  can  readily 
be  separated  from  the  accompanying  gangue  matter,  excepting  the 
heavy  minerals  and  barite. 

Vanadinite  and  several  of  the  lead  minerals — cerrusite,  angle- 
site,  galena,  pyromorphite  and  mimetite — which  often  occur  with 
wulfenite,  are  also  recovered  in  the  wulfenite  concentrates,  as  they 
have  nearly  the  same  specific  gravity.  Usually  a  concentrate  of 
15  to  20  per  cent.  MoO.j  is  the  best  obtainable  when  the  above 
mentioned  lead  minerals  occur  to  any  extent  in  the  ore.  Pure 
wulfenite  contains  39.23  per  cent.  MoO.j  and  60.77  per  cent.  PbO. 
Wulfenite  buyers  sometimes  specify  that  the  concentrate  should 
contain  a  minimum  of  20  per  cent.  MoO.;,  or  13.33  P^^  cent.  Mo. 
Though  the  presence  of  other  lead  minerals  lowers  the  grade  of 
concentrate,  any  metallurgical  process  recovering  the  molyb- 
denum in  the  slag  should  also  recover  the  lead  as  bullion,  along 
with  any  accompanying  gold  or  silver.  The  ores  of  the  Mam- 
moth mine,  about  3  miles  from  Mammoth  at  Shultz,  Pinal 
County,  yVrizona,  were  worked  originally  for  their  free  gold 
content  alone,  which  was  said  to  Ix'  %(:>  to  $7  per  ton.  Part  of  the 
tailings  from  these  workings  later  supplied  750  tons  of  wulfenite 
concentrates  out  of  795  tons  of  combined  wulfenite  and  molyb- 
denite concentrates  that  constituted  the  total  production  of  this 
county  in  1903.^ 

•Pratt,  J.  H.,  "The  Steel-Hardeninj?  Metals."  Mineral  Resources,  U.  S., 
for  1903,  U.  S.  Geol.  Survey,  K)04,  p.  30S. 
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A  flow  sheet  and  description  of  the  wet  process  employed  in 
a  wulfenite  concentrating  mill  at  ]\Iammoth,  Pinal  County,  Ari- 
zona, which  treated  the  ore  from  the  Mammoth  mine  at  Shultz, 
is  given  by  Horton.^  This  mill  treated  dump  tails  in  which  the 
ore  had  been  originally  crushed  in  a  stamp  mill  and  passed  over 
amalgamation  plates;  later  the  tailing  from  this  process  was 
cyanided  to  recover  the  free  gold  lost  in  the  first  operation.  After 
these  two  treatments  were  given  the  ore,  although  it  was  so  fine 
that  over  75  per  cent,  passed  a  200-mesh,  it  was  treated  for  wul- 
fenite. which  amounted  to  about  i  per  cent.,  or  equivalent  to  about 
.4  per  cent.  IMoOs.  It  was  these  tailings  that  supplied  in  1903 
750  tons  of  wulfenite  concentrates  out  of  the  795  tons  of  com- 
bined wulfenite  and  molybdenite  concentrates  previously  men- 
tioned. In  191 5  it  was  estimated  that  these  Mammoth  tailings 
contained  200,000  to  250,000  tons  of  material  of  i  to  2  per 
cent,  wulfenite.  Despite  the  low  grade  and  the  fineness,  a  re- 
covery of  about  70  per  cent,  was  made  in  a  concentrate  averaging 
about  23  per  cent.  jMoO^  and  61  per  cent.  PbO.  This  was  ob- 
tained after  screening  through  4-mesh,  followed  by  simple  classi- 
fication by  five  "hindered  settling"  classifiers  and  one  settling 
cone  placed  in  series.  The  spigot  product  from  these  classifiers 
was  sent  to  sand  tables  of  the  Overstrom,  Ludwig,  Card  and 
Wilfley  types.  It  was  recommended  to  the  company  treating  this 
material  at  that  time  (June,  191 5)  that  the  extraction  of  wul- 
fenite could  be  considerably  improved  by  the  treatment  of  the 
fines  on  slime  tables  or  slime  vanners.  The  mill  has  been  closed 
down  for  some  time,  since  most  of  the  molybdenum  during  the 
war  was  supplied  from  the  sulphide  ore  (MoSo).  Whatever  new 
changes  had  been  made  in  the  flow  sheet  up  to  the  time  of  closing 
down,  could  not  be  ascertained,  as  the  operators  after  closing 
the  mill  had  moved  out  of  the  territory. 

In  order  to  show  the  wide  range  of  processes  that  may  be 
successfully  applied  to  w^ulfenite  ores  in  general,  concentration 
experiments  were  carried  out  at  this  station  by  Horton  ^^  which 
resulted  in  high  extractions.  Horton  concludes  that  wulfenite 
ores  in  general  could  be  treated  efficiently  by  wet  concentration, 
approximately  as  follows : 

' Loc.  cit.,  Bull.  Ill,  Bureau  of  Mines,  p.  177;  Min.  and  Set.  Press,  vol. 
cxiv,  1917,  No.  8. 

^''  Loc.  cit.,  p.  1 10-120. 
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After  the  ore  has  been  crushed  in  a  jaw  or  gyratory  crusher  to  about  one- 
half  inch  size,  it  should  be  further  crushed  in  rolls  to  about  one-quarter  inch, 
and  the  product  screened  into  three  series  of  sizes.  Approximately  these  sizes 
should  be  as  follows  :  Through  a  4-mesh  and  on  8-mesh,  and  through  8-mesh 
and  on  12-iTiesh;  these  two  sizes  to  be  treated  on  jigs  :  through  12-mesh  and  on 
20-mesh,  through  20-mesh  and  on  40-mesh,  through  40-mesh  and  on  80-mesh, 
and  through  80-mesh  and  on  120-mesh ;  these  four  sizes  to  be  treated  on  con- 
centrating tables,  and  the  material  through  120-mesh  to  be  treated  on  slime 
tables.  The  jigs  should  be  operated  so  as  to  obtain  as  clean  concentrates  and 
tailings  as  possible,  and  the  middlings,  after  recrushing  (perhaps  through 
20-mesh),  should  be  appropriately  sized  for  reconcentration  by  the  tables. 

The  above  statement  indicates  the  amenabiHty  of  the  ordi- 
nary type  of  wnlfenite  ores  to  ore  dressing  methods.  Horton 
states,  "  the  costs  of  concentrating  Avulfenite  ores  by  wet  processes 
are,  in  general,  comparable  to  those  of  treating  ores  of  galena, 
sphalerite,  chalcopyrite,  etc.,  by  similar  methods." 

SEPARATION  OF  WULFENITE  FROM  BARITE. 

Wulfenite  has  been  found  occurring  with  barite,  and  it  is  only 
when  associated  with  gangue  of  such  high  specific  gravity  that 
the  problem  of  separation  and  satisfactory  recovery  of  the  wul- 
fenite becomes  difficult,  and  the  methods  adopted  for  ore  dressing 
should  be  carefully  worked  out.  This  problem  will  be  taken  up  in 
detail  in  this  paper.  Since  barite  is  the  highest  specific  gravity 
gangue  mineral  that  is  found  associated  with  wulfenite,  it  was 
deemed  advisable  to  find  out  whether  any  special  treatment  would 
be  necessary  in  its  concentration.  The  ore  from  the  Mammoth 
dump,  cited  above,  did  not  contain  any  barite,  so  its  separation 
from  wulfenite  did  not  enter  into  consideration.  Plorton  cites 
no  case  where  barite  gangue  was  found  occurring  with  wulfenite 
in  any  appreciable  quantity. 

A  sample  of  wulfenite  concentrate,  whose  princii)al  gangue 
mineral  consisted  of  barite,  was  kindly  furnished  to  the  Rocky 
Mountain  Station  by  a  copper  company  operating  in  Arizona. 
The  company  is  developing  a  wulfenite  mine  containing  consider- 
able barite  gangue  matter  associated  with  rhyolite,  quartz,  several 
lead  minerals,  such  as  mimetite,  pyromorphite,  vanadinitc,  cerru- 
site  and  anglesite,  and  a  small  amount  of  copper,  principally  in  the 

"The  separation  of  vanadinite  from  wulfenite  has  long  been  considered 
a  difficult  problem;  it  is  the  writer's  intention  to  carry  on  in  the  future  an  in- 
vestigation of  this  problem. 
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form  of  chrysocolla.  The  milled  ore  assayed  approximately  2  per 
cent,  molybdenum;  the  mined  ore  is  of  a  lower  grade  and  must 
be  sorted  before  sending  to  the  mill, 

BARITE  "  MIDDLING  "  MATERIAL. 

The  disposal  or  treatment  of  the  middling  material  that  was 
formed  at  the  concentrating  mill  was  held  up  pending  the  results 
of  future  ore  dressing  experiments.  This  middling  material  con- 
tained 52.20  per  cent,  barite  (BaS04)  and  5.50  per  cent,  molyb- 
denum in  the  form  of  wulfenite.  This  product  represented  the 
barite  concentrates  or  middling  material  taken  from  a  Wilfley 
table  in  treating  the  original  ore.  In  working  on  the  original 
ore  at  the  mill,  it  was  found  that  passing  the  material  once  over 
a  Wilfley  table  made  a  fairly  clean  concentrate  and  approximately 
a  60  per  cent,  extraction,  if  a  great  amount  of  this  middling 
material  containing  the  barite  was  rejected.  This  result  was 
obtained  on  treating  mined  ore  that  had  received  no  special  treat- 
ment as  to  classification  except  grinding  and  a  simple  screening 
through  approximately  lo-mesh.  Such  a  feed,  when  passed  over 
a  Frue  vanner,  gave  a  63  per  cent,  extraction  and  a  concentrate 
ranging  from  15  to  17  per  cent,  molybdenum.  In  this  connection, 
it  can  be  stated  that  the  adaptability  of  vanners  to  the  treatment 
of  wulfenite  ores  has  been  only  recently  noticed  to  any  extent. 
In  treating  this  particular  ore,  the  vanner  proved  an  excellent 
machine  to  remove  the  copper  mineral  from  the  wulfenite.  Al- 
though it  was  known  that  w'ulfenite  is  somewhat  friable,  it  was 
found  that  the  very  fine  wulfenite  minerals  of  an  unclassified 
feed  would,  when  submitted  to  a  vanner,  readily  attach  them- 
selves to  the  moving  surface  and  be  retained.  This  is  because  the 
mineral  is  readily  wetted;  while  the  gangue  particles,  being  of 
lower  specific  gravity  and  not  so  easily  wetted,  would  be  carried 
ofi^  by  the  stream  of  water,  even  though  the  larger  in  size.  After 
obtaining  the  richer  concentrates  from  the  vanner  and  the  Wilfley 
table,  there  still  remained  a  middling  product  composed  of  grains 
containing  both  heavy  and  light  minerals.  It  is  this  class  of  ma- 
terial which  will  be  considered  in  this  paper.  It  is  composed 
chiefly  of  barite,  quartz,  wulfenite  and  several  of  the  lead  min- 
erals already  described.  The  wulfenite  was  present  in  particles 
ranging  in  size  from  minute  specks  to  pieces  retained  by  a 
T2-mesh  screen. 
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In  testing  an  ore  for  ore-dressing  possibilities,  there  is  prob- 
ably nothing  so  enlightening  as  screen  classification,  assay  of 
products  and  experimentation  upon  them  by  different  metallurgi- 
cal processes.  The  use  of  the  microscope  in  this  connection  also 
can  not  be  over-emphasized.^^ 

Accordingly,  the  so-called  middling  material,  as  received,  was 
first  screened  into  six  products  as  follows : 

Screen  Analysis  {Feed  Assayed  5.50  Per  cent.  Mo.). 


Per  cent.  Wt. 

Per  cent.  Mo. 

Content  Mo. 

—  10  +20 

-20    -t-28 

-28  +35 
-35  +48 
-48  +65 

-65 

1374 
14.40 

15-65 
17-35 
22.50 
16.36 

2.50 
3.00 
3.20 
9.67 
7.40 
5-42 

•344 
.432 
•473 
1.678 
i^665 
.887 

100.00 

5-50 

5.48  grams. 

These  screened  products  were  examined  separately  under  the 
microscope  tO'  ascertain  the  degree  of  locked  wulfenite  grains  in 
order  to  determine  whether  the  material  would  be  classed  as  a 
true  middling  and  would  need  any  further  crushing  to  liberate 
the  wulfenite  l^efore  submitting  to  further  concentration.  The 
treatment  of  middlings  has  followed,  as  a  rule,  two  well-beaten 
paths :  reground  and  returned  to  ore  stream ;  or  returned  to  ore 
stream  without  regrinding.  This  results  often  in  mixing  two 
products  of  widely  different  grades;  the  ore  itself  being  perhaps 
of  low  content  and  the  middlings  of  relatively  high  content,  as 
regards  the  mineral  to  be  saved.  This  fact  must  1>e  borne  in  mind 
in  studying  the  treatment  to  be  given  the  material  under  dis- 
cussion. On  examination  under  the  microscope,  the  plus  20-mesh 
was  found  to  l>e  the  only  screen  product  containing  any  locked 
material,  and  this  was  only  small  in  amount.  That  the  material 
as  received  was  not  a  true  middling  was  readily  seen,  as  the  term 
"  middling  "  is  applied  to  a  crushed  product,  the  individual  grains 

"  The  use  of  the  microscope  for  use  in  connection  with  an  ore  dressing 
problem  is  described  in  another  paper,  "  Approximate  Quantitative  Microscopy 
of  Pulverized  Ores,"  by  W.  H.  Coghill  and  J.  P.  Bonardi,  Tech.  Paper  211. 
Bureau  of  Mines. 
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of  which  are  composite;  that  is,  they  contain,  attached  to  or  im- 
bedded in  the  gangne,  particles  of  valuable  mineral.  Theoreti- 
cally, no  free  grains  of  valuable  minerals  should  be  present,  but 
in  practice  there  will  always  be  a  varying  proportion  of  such 
grains.  The  proportion  of  locked  grains  in  this  so-called  middling 
material,  being  of  such  small  proportion  to  the  free  grains,  w'ould 
readily  classify  it  as  not  a  true  middling. 

Xext,  in  order  to  try  out  the  separation  of  the  wulfenite 
from  the  barite  in  the  various  screen  products,  as  shown  by  the 
screen  analyses,  as  well  as  on  the  unclassified  material  as  received, 
the  diiterent  sized  products  and  unclassified  material  were  sub- 
mitted separately  to  a  laboratory  experimental  size  Wilfley  table. 
Since  the  screen  products  were  dry-sized  between  small  limits,  the 
separation  of  the  free  mineral  grains  of  wulfenite  from  the  gangue 
barite,  in  which  the  difference  of  specific  gravity  exceeds  two 
units,  should  be  an  easy  matter.  The  results  of  a  few  simple 
tests  made  on  the  small  experimental  size  Wilfley  table  are  as 
follows.  The  material  in  each  nm  was  passed  but  once  over 
the  table,  and  only  the  concentrates  of  each  were  collected, 
weighed  and  assayed. 

Table  I. 
Concentration  Tests  on  Small  Experimental  Size  Wilfley  Table. 


Run 

Mesh 

Wt. 
taken 

Per  cent. 

Mo. 

Wt.  of 
Cone. 

Percent. 

Mo.  in 

Con. 

Percent. 

Recovery 

Mo. 

Remarks 

I 

Unclassified 
material 

500  g. 

5-50 

28  g. 

14.17 

1445 

2 

—  10  +20* 

500  g. 

2.50 

none 

No  separation 

3 

-20  +28* 

500  g. 

3-00 

none 

No  separation 

4 

-28  +35* 

500  g. 

3-20 

50  g- 

9.40 

28.80 

Poor  separation 

5 

-35  +48 

450  g. 

9.67 

205  g. 

12.12 

57-05 

6 

-48  +65 

450  g. 

7.40 

155  g- 

13.16 

61.20 

7 

-65 

500  g. 

542 

160  g. 

12.60 

74-50 

*  The  wulfenite  crystals  of  these  meshes,  being  large,  thin  tabular  and  flaky,  rolled  along 
over  the  table  with  the  barite  gangue,  and  no  line  of  demarcation  could  be  made  between  the 
minerals  of  different  specific  gravity. 


Jigging  of  these  sizes  was  not  attempted,  since  the  company 
submitting  the  wulfenite  ore  had  not  installed  any  jigs  in  the 
mill.  Further,  expert  attention  would,  in  all  probability,  be 
required  in  the  successful  operation  of  jigs  treating  material  of 
such  fineness;  besides  taking  into  consideration  wulfenite  which 
when  occurring  in  an  ore  in  square,  tabular,  and  sometimes  ex- 

VoL.  189,  No.  1 1 29 — 5 


58 


J.    P.    BONARDI. 


[J-  F.  I. 


tremely  thin  crystals  would  cause  trouble  by  not  following  the 
settling  ratio  of  the  specific  gravity  difference. 

In  the  runs  made,  as  indicated  in  Table  I,  the  grade  of  con- 
centrates in  each  case  could  have  been  bettered  by  cutting  off  a 
larger  middling  product  or  by  running  the  concentrates  that  were 
collected  over  the  table  a  second  time.  This  was  not  deemed 
necessary  when  using  the  experimental  machine,  since  only  indica- 
tive results  were  desired. 

Table  I  clearly  illustrates  the  fact  that  the  large  wulfenite 
crystals — greater  than  35-mesh — in  association  with  barite  are 
not  adapted  to  table  work,  since  they  have  a  tendency  to  roll 
along  with  the  coarse  barite  gangue.  Wulfenite  grains  or  crys- 
tals in  this  case,  being  approximately  the  same  weight,  due  to 
their  thin  and  tabular  structure,  as  barite  grains,  did  not  have 
an  opportunity  to  arrange  themselves  on  the  table  according  to 
their  specific  gravity  differences. 

In  order  to  make  a  comparison  of  the  sized  runs  with  an  un- 
classified ground  feed,  a  sample  of  the  original  material  was 
ground  dry  in  a  ball  mill  to  pass  80-mesh ;  2000  grams  of  this 
minus  80-mesh  material  was  run  over  the  experimental  table 
once,  as  in  runs  made  with  screened  sizes.  The  following  table 
represents  the  results  obtained  : 

Table  II. 

Run  Made  on  Minus  80- Mesh  Material  on  Wulfenite  Barite  Ore, 
Passed  Once  Over  Table. 


Sample         |   Wt.  in  grams 

Per  cent.  Mo. 

Per  cent. 
BaSO. 

Per  cent. 

recovery 

Mo. 

Per  cent. 

recovery 

BaSO. 

Head 2000 

Cone 508 

Mid 338 

Tails 726 

Loss 428 

Footing 2000 

5.50 

14-32 
5.76 
1.86 

-97* 

52.20 
21.14 
51.10 
76.20 
49.20* 

66.20 

17.72 

12.28 

3.80 

100.00 

10.28 
53-01 
16.55 
20.16 
100.00 

*  Calculated. 

Table  II  clearly  illustrates  the  following  points: 

1.  That  crushing  in  this  manner  does  not  entail  any  great  loss 
of  wulfenite  in  the  slime  going  to  waste,  since  only  3.80  per  cent. 
Mo  was  unaccounted  for. 

2.  That  66.20  per  cent,  of  the  wulfenite  can  Ix^  recovered  in 
a  concentrate  of  marketable  grade. 
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3.  That  barite  can  be  successfully  concentrated  from  wul- 
fenite.  since  only  10.28  per  cent,  of  the  total  remained  with  the 
concentrate. 

4.  That  the  above  tails  and  middling  product,  respectively,  are 
of  the  same  grade  as  the  original  milled  ore  and  first  middling 
produced  and,  consequently,  further  recovery  can  be  made 
by  treatment. 

The  results  of  the  experiments  as  performed  and  given  in 
Tables  I  and  II  clearly  illustrate  the  fact  that  in  the  wet  separa- 
tion of  wulfenite  from  barite,  when  using  tables,  particular  atten- 
tion must  be  given  to  the  ore-dressing  method  adopted,  and  to 
the  degree  of  grinding.  Grinding  at  least  through  48-mesh  would 
be  recommended  for  this  class  of  material,  as  Table  I  indicates. 

In  order  to  determine  approximately  the  highest  grade  of 
concentrate  that  can  be  produced  from  this  barite  middling"  ma- 
terial. 500  grams  of  the  concentrates,  assaying  14.32  per  cent, 
molylxlenum  produced  in  experiment  as  given  in  Table  II,  were 
carefully  re-run  several  times  over  the  Wilfley  table  with  the  fol- 
lowing results.  No  slime  was  produced  in  this  treatment,  so  the 
products  were  easily  collected  and  recovered. 

Table  III. 
Concentration  Test  for  High-Grade  Product, 


Sample 

Wt.  in  grams 

Per  cent.  Mo. 

Per  cent.  recovery- 
Mo. 

Head         

500 
268 
230 
2 
500 

14.32 

17.85 

9.96 

Cone           

67.00 

32.00 

1. 00 

Tails 

Loss 

100.00 

The  al30ve  content  of  17.85  per  cent,  molybdenum  in  the  con- 
centrate represents  26.77  P^i"  cent.  M0O3.  Theoretically  a  con- 
centrate consisting  entirely  of  pure  wulfenite  contains  39.23 
per  cent.  MoO;.,,  so  the  above  concentrate  represents  a  grade  of 
68  per  cent,  pure  wulfenite.  This  would  then,  in  all  probability, 
represent  the  highest  grade  of  concentrate  that  could  be  obtained 
by  treating  such  an  unclassified  feed  of  this  material.  The  fol- 
lowing chemical  analysis  of  this  concentrate  will  further  em- 
phasize this  point : 
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Analysis   of   Concentrate. 

Per  Cent. 
M0O3 26.93 

PbO  52.15 

Fe.Oa  103 

Al.O:,    I.I9 

Si02  3-30 

V.O. 6s 

P2O. 17 

AS2O5 90 

BaSO.     12.76 

Cu   none 

Total  determined 99.08 

The  above  analysis  indicates  that  theoretically  further  con- 
centration could  be  performed  by  elimination  of  the  12.76  per 
cent,  barite  and  the  little  other  gangue  still  remaining  with  the 
concentrate;  but  in  practice,  if  this  were  attempted,  close  sizing 
of  the  feed  would  be  required.  Other  lead  minerals  than  wul- 
fenite,  vanadinite,  mimetite,  pyromorphite,  are  indicated  by  the 
excess  amount  of  lead  oxide  that  is  required  to  combine  with  the 
above  elements  given  in  the  analysis.  The  presence  of  both 
anglesite  and  cerrusite  in  the  concentrate  was  later  confirmed, 
but  only  in  traces. 

FLOTATION    TESTS   ON   BARITE   "MIDDLING"   MATERIAL. 

On  this  particular  ore,  ground  through  80-mesh,  flotation  was 
attempted  after  giving  it  a  sulphidizing  treatment.  The  material 
was  easily  sulphidized  by  heating  for  a  short  period  within  a 
dilute  sodium  sulphide  solution,  in  proportion  of  10  pounds  Na^S 
to  I  ton  of  ore  with  a  pulp  ratio  of  i  :  i.  In  treating  the  sulphi- 
dized material  in  a  flotation  machine,  it  was  found  on  several 
trials  with  various  oil  mixtures  and  variations  of  factors,  that 
the  barite  and  wulfcnite  would  come  over  with  the  froth  in  ap- 
proximately the  same  proportion  as  contained  in  the  feed.  In 
tracing  down  this  cause,  it  was  found  that  this  was  due  to  the 
fact  that  part  of  the  barite  and  the  siliceous  gangue  matter  was 
iron  stained  ;  and  as  this  iron-stained  material  was  easily  sul- 
phidized, it  was  carried  along  over  with  the  sulphidized  wulfenite, 
and  consequently  no  marked  separation  could  Ixi  made.  Also  it 
was  found  in  performing  the  sulphidizing  treatment  that  a  con- 
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siderable  amount  of  wulfenite  was  rendered  soluble  and,  conse- 
quently, could  not  be  accounted  for  in  assaying  the  products. 
The  results  did  not  warrant  doing  any  further  work  by  flotation  ; 
therefore,  this  was  discontinued. 

CONCLUSIONS  AS  TO  LABORATORY  TESTS. 

As  the  experimental  tests  were  of  necessity  made  on  a  labora- 
tOTy  scale  and  on  very  small  samples  of  ore,  the  results  obtained  on 
this  particular  ore  must  be  considered  only  as  indicative  of  what 
might  be  expected  from  the  treatment  of  commercial  quantities 
of  ore  on  machines  of  standard  size,  where  the  proper  conditions 
for  separation  can  be  better  controlled.  The  results  from  the 
small  laboratory'  machine  are  at  the  best  only  indicative  and 
should  be  regarded  only  in  this  light.  Flotation  was  not  a  factor 
on  the  ore  treated. 

The  results  found  with  the  experimental  Wilfley  table  indicate 
that  wulfenite  can  be  concentrated  from  a  barite  gangue  with  verv^ 
promising  results,  since  on  the  small  laboratory  machine  used,  a 
recovery  of  between  60  and  70  per  cent,  of  the  molybdenum  could 
be  effected  by  passing  the  material  only  once  over  the  table.  It 
must  be  remembered  also  that  a  recovery  had  previously  been 
made  on  the  original  milled  ore  of  over  60  per  cent.,  so  that  the 
additional  increase  obtained  from  the  middling  material,  when 
ground  through  80-mesh  and  with  no  further  classification,  gives 
a  total  recovery  of  over  85  per  cent.  This  recovery  on  material 
that  had  received  no  special  classification,  outside  of  grinding, 
emphasizes  further  the  adaptability  of  wet  concentration  methods 
to  wulfenite  ores,  even  with  such  high  specific  gravity  gangue  as 
barite.  By  a  slight  rearrangement  of  the  mill  circuit,  wulfenite 
should  be  as  readily  separated  from  barite  as  from  gangues  of  a 
lower  specific  gravity. 

In  conclusion,  the  author  wishes  to  express  his  appreciation 
and  gratitude  to  Dr.  R.  B.  Moore,  Superintendent  of  the  U.  S. 
Bureau  of  Mines  mining  experiment  station  at  Golden,  Colorado, 
for  his  valuable  suggestions  throughout  the  progress  of  the  work. 

GoLDF.N'.  Colorado, 

U.  S.  Bureau  of  Mines. 
September  24,  1919. 
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Vagrant  Mines  in  the  Atlantic  Ocean. — It  is  well  known  that 
the  belligerents,  especially  the  English,  Americans  and  Germans, 
sowed  the  sea  with  thousands  of  contact  mines,  and  that  many  of 
these  have  drifted  from  their  anchorage.  The  principal  fields 
were  the  more  important  harbors,  the  British  channel  and  the 
northern  boundary  of  the  North  Sea.  The  last  named  mine-field 
was  of  enormous  extent  and  density.  As  vagrant  mines  are  a 
very  serious  menace  to  shipping,  the  question  as  to  their  probable 
course  from  their  moorings  is  of  great  importance.  It  has  been 
studied  by  the  well-known  oceanographer,  the  Prince  of  Monaco, 
who  has  for  many  years  been  investigating  the  direction  of  ocean 
currents.  In  the  latter  part  of  1918  he  presented  a  communication 
to  the  French  Academy  of  Sciences  (C.V.,  v.  167,  1918,  1049)  ^" 
which  he  exhibited  a  map  of  the  principal  currents  in  the  Atlantic 
Ocean,  and  pointed  out  that  the  principal  drift  of  the  mines  would 
be  to  the  nearly  circular  sweep  of  waters  lying  between  N.  lat.  30^ 
and  45°,  and  W.  Ion.  25°  and  50'^,  being  just  west  of  Gibraltar.  In 
September  of  this  year  he  presented  another  communication  {C.V., 
V.  169,  1919,  562)  in  which  he  records  the  finding  of  twenty-three 
mines  within  the  above  indicated  area,  and  three  others  in  the 
neighborhood  of  the  opening  of  the  British  channel.  The  dates 
of  the  finds  ranged  from  November  7.  1918,  to  June  15,  1919.  He 
states,  as  the  result  of  his  studies  of  ocean  currents,  that  ships 
sailing  between  the  United  States  and  Europe  will  find  their 
greatest  security  in  a  line  running  directly  north  from  the  mouth 
of  the  British  channel  to  50°  N.  lat.  and  following  this  to  30°  W.  Ion., 
inclining  towards  the  Newfoundland  banks.  The  Gulf  Stream 
marks  the  northern  limit  of  danger.  The  ships  which  travel  be- 
tween the  United  States  and  southern  Europe  will  find  their 
greatest  perils  in  the  immediate  neighborhood  of  the  European 
coasts  and  in  the  several  archipelagoes,  south  as  far  as  the 
Canaries,  and  their  greatest  security  on  a  line  passing  a  little 
north  of  Madeira  and  tangent  to  the  southern  limit  of  the 
Saragossa  Sea.  H.  L. 

A  New  Drying  Oil.  {Paint  Mfrs.  Assn.  Circ.  No.  75.) — The 
oil  of  the  seeds  of  the  Alcurites  trispcrma,  or  soft  Lumbang,  a  species 
of  "  candle-nut  "  tree,  of  the  tropical  habitat  and  rather  limited 
range  seems  to  have  excellent  drying  properties,  analogous  to 
those  of  tung  oil.  This  tree  and  the  true  "  lumbang"  {A.  molnc- 
cana)  grow  in  the  Philippines,  but  it  is  stated  that  "  soft  "  variety 
fruits  in  Porto  Rico  grow  very  well,  and  hence  substantial  quan- 
tities of  the  oil  might  be  obtained  ft)r  use  in  the  United  States. 
The  analysis  in  the  laboratory  of  the  Paint  Manufacturers'  Asso- 
ciation found  that  the  II anus  method  for  iodine  number  gave 
very  unsatisfactory  results  with  the  new  oil  as  it  does  with  tiuig 
oil,  while  the  Hubl  gave  results  comparable  with  those  on  tung  oil. 

H.  L. 
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Table  IV,  extended,  as  well  as  the  scanty  early  data,  mainly 
from  the  given  stations,  will  permit,  back  to  1872,  is  graphically 
represented  by  the  continuous,  light  curve  at  the  l)ottom  of  Fig.  4. 
In  1880  and  again  in  1901  the  curve  probably  does  not  very 
closely  represent  world-wide  temperature  departures,  being,  pre- 
sumably, at  both  places  quite  too  low,  owing,  in  each  case,  to  an 
abnormally  cold  single  month  in  America. 

Table  IV. 
Weighted  Departures  of  Mean  Temperatures  from  Normal  Temperatures. 

WORLD. 


Date. 


1872 

1873 
1874 

1875 
1876 

1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
189I 
1892 


Actual. 

Smoothed. 

-0.78 

-0.30 

-0.65 

-0.47 

+0.20 

-0.34 

—  1. 12 

—  0.61 

—  0.40 

—  0.60 

-0.48 

-0.32 

-(-0.07 

0.00 

+0.33 

-1-0.04 

-0.50 

-0.13 

-I-O.I4 

—  0.02 

+  0.14 

—  0.16 

—  1.04 

-0.68 

-0.79 

—  0.61 

-f-0.17 

—  0.09 

-l-O.II 

-1-0.03 

—  0.29 

-0.05 

4-0.26 

-1-0.24 

+0.74 

+  0.57 

+0.54 

-1-0.40 

—  0.21 

-I-O.06 

+0.10 

—  0.09 

Date. 


1893 
1894 

1895 
1896 

1897 
1898 
1899 
1900 
I90I 
1902 
1903 
1904 

1905 
1906 
1907 
1908 
1909 
I910 
1911 
1912 


Actual. 


-0.34 
+0.34 
—  0.21 
+0.49 

+0.34 
-fo.6i 
4-0.27 

4-1. 19 
4-0.40 
4-0.20 
-0.30 
4-0.81 
-0.51 
4-0.23 
4-0.23 
4-0.51 

-0.43 
4-0.69 
4-0.23 
-0.80 


Smoothed. 


—  0.06 
4-0.03 
4-0.10 
4-0.28 

+0.45 
4-0.46 

+  0.59 
+  0.76 

+  0.55 
4-0.13 
4-0.10 
-j-0.20 
-j-O.OI 

4-0.05 
4-0.30 

-f  0.21 
4-0. II 
4-0.30 
4-0.09 

—  0.40 


The  dotted  curve  from  1907  to  191 1  gives  the  average  tem- 
perature departures  for  the  American  stations  only,  and  pre- 
sumably represents  world  temperature  departures  much  more 
closely  than  does  the  continuous  light  line  for  the  same  time. 
This  is  because  of  two  or  three  exceptionally  cold  summer  months 
in  Europe. 


*  Concluded  from  p.  810,  Vol.  188,  December,  1919. 
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The  dotted  curve  from  1872  to  1900  gives  the  smoothed 
averages  of  the  annual  temperature  departures  from  the  normal 
temperatures  of  the  following  stations  as  computed  from  the 
actual  departures  given  by  Nordmann^^;  Sierra  Leone,  Recife 
(or  Pernambuco),  Port  au  Prince,  Trinite.  Jamaica,  Habana, 
Manila,  Hong  Kong,  Zikawei,  Batavia,  Bombay,  Island  of  Rodri- 
guez, Island  of  Mauritius. 

All  these,  or  practically  all,  are  low-level  stations,  and  most 
of  them  either  tropical  or  semi-tropical,  and,  therefore,  should 
show  in  general,  from  altitude  influence  alone,  a  smaller,  and  from 
latitude  influence  alone,  a  greater,  abnormality  than  do  the  stations 
whose  temperature  departures  are  given  by  the  continuous  fine- 
line  curve.  Hence,  all  things  considered,  the  average  tempera- 
ture departures  as  calculated  from  the  two  sets  of  stations  agree 
remarkably  well,  so  that  one  can  say  with,  presumably,  a  fair  de- 
gree of  confidence,  that  the  heavy  curve,  T,  approximately  repre- 
sents the  average  of  the  departures  of  the  mean  annual  tempera- 
tures from  the  normal  annual  temperatures  of  equatorial  and 
high  altitude  regions  of  the  earth,  or  that  T,  with  the  above  re- 
strictions, is  the  curve  of  world  temperatures. 

Much  additional  statistical  evidence  bearing  on  this  point  and 
supporting  the  conclusion  just  given,  has  been  published  by 
Mielke.^^  This  consists  of  the  average  annual  temperatures  from 
1870  to  1910  of  487  widely  distributed  stations,  with,  however, 
numerous  and  extensive  breaks — in  fact,  the  records  of  only  a  few 
stations  cover  the  entire  period.  By  grouping  these  stations  ac- 
cording to  zones,  tropical,  subtropical,  warm  temperate,  cold  tem- 
perate and  frigid,  and  then  averaging  and  smoothing  the  zonal 
annual  temperature  departures,  giving  all  equal  weight,  values 
were  found  which  run  substantially  parallel  to  those  already  found 
but  of  less  (about  half)  amplitude,  quite  as  anticipated  from  the 
fact  that  stations  above  the  dust,  fogs  and  many  clouds  of  the 
lower  atmosphere  nuist  be  more  sensitive  to  variations  in  the  trans- 
parency of  the  outer  atmosphere  and  to  solar  changes  than  are 
those  (the  great  majority)  located  at,  or  not  more  than  a  few 
hundred  metres  above,  sea  level.  Either  curve  might,  therefore, 
be  used  in  a  discussion  of  the  causes  and  periods  of  temperature 

'^  Revue  Generale  des  Sciences,  AuRust,  icx)3,  i)p.  803  808.    Annual  Report,' 
Smithsonian  Institution,  1903,  pp.  139-149. 

" Aus  dem  Arch'w  der  Dcuischcn  Secwarte.  36,  Nov.  3,  1913. 
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changes,  but  in  what  follows  the  curve  of  larger  amplitudes  or  the 
curve  of  high  altitude  stations  will  be  used  because :  (a)  data  for 
it  but  not  for  the  other  are  available  through  the  period  of  the 
Katmai  veil  of  dust,  (b)  it  is  freer  from  surface  disturbances  and 
therefore  more  representative  of  solar  and  high  atmospheric  con- 
ditions, (c)  high  altitude  temperatures  are  more  effective  than 
those  of  sea  level  in  modifying  glacial  conditions. 

Relation  of  World  Temperatures  to  Pyrheliometric  Values. — 
Curve  P,  also  of  Fig.  4,  gives  the  smoothed  course  of  the  annual 
average  pyrheliometric  readings,  as  computed  from  the  actual 
values  given  in  Fig.  i.  The  insolation  intensity  data,  covering 
the  whole  of  the  depression  that  had  its  minimum  in  1885,  were 
obtained  at  a  single  place.  jMontpellier,  France,  by  a  single  ob- 
server, L.  J.  Eon,^^  who  confined  himself  to  noon  observations 
with  a  Crova  actinometer.  It  may  be,  therefore,  that  merely  local 
and  temporary  disturbances  produced  a  local  insolation  curve  that 
was  not  quite  parallel  to  the  curve  for  the  entire  world.  At  any 
rate,  the  drop  in  the  solar  radiation  values  obviously  was  due  to 
dust  put  into  the  atmosphere  by  the  explosion  of  Krakatoa  in 
August,  1883,  and  it  would  seem  that  the  effects  of  this  dust  both 
on  the  surface  temperatures  and  on  pyrheliometric  values  must 
have  been  greater  during  the  latter  part  of  1883  and  in  1884  than 
they  were  in  1885,  when  much  of  the  dust  certainly  had  already 
settled  out  of  the  atmosphere,  and  this  supposition  is  well  sup- 
ported by  the  pyrheliometric  and  temperature  drops  that  imme- 
diately followed  the  volcanic  explosions  of  1903  and  191 2,  and 
their  partial  recovery  within  a  single  year.  Nevertheless,  the 
pyrheliometric  values  must  be  accepted  as  obtained.  Indeed,  this 
exceptional  lag  is  not  quite  unprecedented,  since  the  coldest  year 
following  the  similar,  though  more  violent,  explosion  of  Asama- 
yama,  just  one  hundred  years  earlier,  was  not  the  year  of  the 
explosion,  1783.  nor  the  following  year,  but  1785. 

It  is  probable  that  in  the  earlier,  as  certainly  in  the  later,  of 
these  unusual  cases  the  dust  was  thrown  to  such  great  altitudes 
that  the  finer  portions  were  nearly,  or  quite,  twoi  years  in  reach- 
ing the  lower  level  of  the  isothermal  region.  Clearly,  too,  much  of 
this  dust,  while  perfectly  dry,  probably  was  so  fine  as  merely  to 
scatter  even  solar  radiation,  and  yet  on  reaching  the  more  humid 
portions  of  the  atmosphere  the  particles  may  have  gathered  suf- 

^'  Bulletin  meteorologique  du  Departement  de  I'Herault,  1900. 
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ficient  moisture  to  assume  reflecting  size,  and,  therefore,  seri- 
ously to  interfere  with  insolation.  This  is  merely  suggested,  but 
in  no  wise  insisted  upon,  as  a  possible  explanation  of  the  unusual 
pyrheliometric  lag  after  the  explosion  of  Krakatoa. 

It  is  obvious,  from  a  mere  glance,  that  the  pyrheliometric 
and  the  temperature  curves,  or  curves  P  and  T,  have  much  in 
common.  This  is  especially  marked  by  the  large  and  practically 
simultaneous  drops  in  the  two  curves  in  19 12,  following  the 
eruption  of  Katmai.  But  while  a  relation  between  these  curves 
thus  appears  certain,  the  agreement  is  so  far  from  perfect  as  to 
force  the  conclusion  that  pyrheliometric  values  constitute  only  one 
factor  in  the  determination  of  average  world  temperatures. 

Sun-spots  and  Temperature. — It  has  been  known  for  a  long 
time  that  the  curve  of  sun-spot  numbers,  curve  S,  Fig.  4,  and  the 
curve  of  earth  temperatures,  curve  T,  follow  or  parallel  each  other 
in  a  general  way,  in  the  sense  that  the  fewer  the  spots  the  higher 
the  temperature,  with,  however,  puzzling  discrepancies  here  and 
there.  Both  these  facts,  the  general  agreement  between  the  phe- 
nomena in  cjuestion  and  also  their  specific  discrepancies,  are  well 
shown  by  the  curves  S  and  T  of  Fig.  4,  and,  while  the  discrep- 
ancies are  marked,  it  is  obvious  that,  on  the  whole,  the  agreement 
is  quite  too  close  to  leave  any  doubt  of  the  reality  of  some  sort 
of  connection  between  sun-spots  and  atmospheric  temperatures. 
Just  how  or  by  what  process  this  relation  conceivably  may  exist 
will  be  discussed  below. 

Combined  Effect  of  Insolation  Intensity  and  Sun-spot  Influ- 
ence on  Atmospheric  Temperatures. — Since  it  is  obvious  that  the 
insolation  intensity  and  the  number  of  sun-spots  each  exerts  an 
influence  on  the  temperature  of  the  earth,  it  is  clear  that  some  sort 
of  a  combination  of  the  two  curves  P  and  S  .should  more  closely 
parallel  the  temperature  curve,  T,  than  does  either  alone.  It  is 
probable  that  the  sun-spot  effect  is  not  directly  proportional  to 
the  actual  number  of  spots,  but,  however  this  may  be,  the  direct 
combination  of  the  curves  P  and  S  gives  the  resultant  P'+S. 
which,  as  a  glance  at  the  figure  shows,  actually  parallels  the  curve 
of  temj)eratures,  T,  with  remarkable  fidelity.  Exactly  this  same 
combination,  from  1880  to  1909,  has  Ix-cn  made  by  .\blx)t  and 
Fowle,-'^  whose  lead  in  this  important  particular  is  here  being 

**  Smithsonian  Miscellaneous  Collections,  vol.  Ix,  No.  29,  1913. 
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followed,  and  the  resultant  curve  found  to  run  closely  parallel  to 
the  curve  of  "  smoothed  annual  mean  departures  "  of  the  maxi- 
mum temperatures  of  fifteen  stations  in  the  United  States. 

Probably  the  most  striking  point  of  agreement,  one  that  must 
strongly  be  insisted  upon,  as  shown  by  Fig.  4,  between  the  com- 
bination cur\-e  and  the  temperature,  occurs  in  1912,  when,  in  spite 
of  the  fact  that  the  sun-spots  were  at  a  minimum,  indicating  that, 
according  to  rule,  the  temperature  should  be  high,  the  temperature 
curve  dropped  greatly  and  abruptly ;  obviously,  because  of  the 

Fig.  4. 

*^  S  "^  o  o 
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Smoothed  pyrheliometric,  sun-spot,  and  temperature  curves. 


simultaneous  and  corresponding  decrease  in  the  intensity  of  solar 
radiation  produced  by  the  extensive  veil  of  Katmai's  dust,  pre- 
cisely as  happened  at  spot  minima  after  the  explosion  of  Asama 
in  1783.  Both  cases,  since  they  occurred  during  spot  minima, 
show  distinctly  the  great  influence  volcanic  dust  has  on  terres- 
trial temperatures. 

Temperature  Variations  Since  1/30  as  Influenced  by  Sun-spots 
and  Volcanic  Eruptions. — Sun-spot  numbers  ^^  month  by  month 

"  Wolfer,  Astronomische  Mitteilungen,  93,  1902,  and  later  numbers. 
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are  fairly  well  known  since  July,  1749,  and  so,  too,  are  the  annual 
temperature  variations  "^  from  about  the  same  time,  and,  there- 
fore, the  data  at  hand  for  comparing  these  two  phenomena  over 
a  continuous  period  of  a  little  more  than  164  years,  or  from  at 
least  the  beginning  of  the  year  1750  to  the  present  date.  Fig  5 
makes  this  comparison  easy.  The  bottom  curves  give  the 
smoothed  annual  temperature  departures,  as  computed  from 
Koppen's  actual  annual  departures,  using  all  stations,  while  the  top 
curve  follows  Wolfer's  annual  average  sun-spot  numbers.  Of 
course,  the  earlier  observations,  both  of  sun-spots  and  of  tem- 
peratures, were  few  in  number  and  more  or  less  unsatisfactory 
in  comparison  with  those  obtained  during  the  past  thirty,  or  even 
forty,  years.  Nevertheless,  it  is  clear  from  Fig.  5  that  at  least 
since  1750,  the  date  of  our  earliest  records,  and  presumably,  there- 
fore, since  an  indefinitely  distant  time  in  the  past,  the  two  phe- 
nomena, atmospheric  temperature  and  sun-spot  numbers,  have 
in  general  varied  together,  with,  however,  marked  discrepancies 
from  time  to  time.  These  we  shall  now  consider,  and  shall  show 
that  they  occurred,  in  every  important  case,  immediately  after 
violent  volcanic  eruptions. 

Volcanic  Disturbances  of  Atmospheric  Temperature  Since 
ly^o. — It  must  be  distinctly  remembered  that  the  earlier  tempera- 
ture records,  because  of  their  limited  number,  if  for  no  other 
reason,  give  only  the  general  trend  of  world  temperatures.  Again, 
the  record  back  to  1750  of  even  violent  volcanic  eruptions  is 
necessarily  incomplete;  and,  besides,  not  all  great  eruptions  de- 
crease the  surface  temperature — only  those  that  drive  a  lot  of 
dust  into  the  isotJicniial  region,  or  very  JiigJi  at)nosphcre,  and 
even  then  decrease  it  perceptibly  in  only  those  regions,  usually 
extensive  and  at  times  world-wide,  over  which  the  dust  spreads. 
Pronounced  and  long-continued  sky  phenomena,  therefore,  of 
the  type  that  followed  the  eruption  of  Krakatoa,  furnish  the  best 
evidence  of  volcanic  violence  in  the  sense  here  used.  Finally, 
there  can  be  no  particular  test  save  where  the  temperature  is  low 
in  comparison  with  that  which  the  number  of  sun-spots  would 
indicate.  Obviously,  then,  no  matter  how  close  the  actual  rela- 
tion between  the  phenomena  may  be,  the  errors  and  the  incom- 

**  Koppen.  Zcit.  Oesterreich.  Gesell.  fiir  Meteorologie,  vol.  viii,  pp.  241  and 
257.  187.3. 
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pleteness  of  the  recorded  data  would  prevent  the  discovery  of 
more  than  a  general  relation. 

Of  course,  it  will  naturally  occur  to  one  to  ask  about  special 
cases,  such  as  the  cold  years  of  1783-4-5,  and,  in  particular,  181 6, 
the  famous  "  year  without  a  summer,"  "  poverty  year,"  or 
"  eighteen  hundred  and  froze-to-death."  The  first  of  these, 
1783-5,  followed,  as  already  explained,  the  great  explosion  of 
Asama  in  1783,  while  the  second,  the  "  year  without  a  summer," 
that  was  cold  the  world  over,  followed  the  eruption  of  Tomboro, 

Temperature  and  Sim-spot  Discrepancies. 


Date. 

Nature  of 
discrepancy. 

Probable  cause. 

17s  c— 6     

Cold 

Kotlugia,  Iceland,  1755,  Oct.  17. 

Hecla,  Iceland,  1766.    Apr.  15  to  Sept.  7. 

May  on,  Luzon,  1766. 

1766—7              

Cold 

1778-Q            

Warm 

Maximum  number  (annual)  of  sun-spots  ever 
recorded  and  unusually  short  spot  period. 

Can  it  be  that  the  solar  constant  actually 

was  notably  greater  than  usual  at  this  time? 

1784-5-6 

Cold 

Asama,  Japan,  1783,  most  frightful  eruption  on 

record. 
Skaptar  Jokull,  Iceland,  1783,  Jvine  8  and  18. 

Vesuvius,  Italy,  1785. 

1799 

Cold 

Fuego  (?),  Guatemala.     (Uncertain.) 

1809 

Cold 

St.  George  (?),  Azores,  1808.    (Uncertain.) 
Etna  (?),  Sicily,  1809.     (Uncertain.) 

1812-13-14-15-16. 

Cold 

Soufriere,  St.  Vincent,  1812,  Apr.  30. 
May  on,  Luzon,  18 14. 

Tomboro,  Sumbawa,  1815,  Apr.  7  to  12,  very 
great. 

1831-2 

Cold 

Graham's  Island,  1831 ,  July  10  to  early  in  Aug. 
Babujan  Islands,  1831. 
Pichincha,  Ecuador,  1831. 

1836-7-8 

Cold 

Coseguina    Nicaragua,  1835,  Jan.  20. 
Awatska,  Kamchatka,  1837. 

1856-7 

Cold 

Cotopaxi  (?),  and  others,  1855-6.    (Uncertain.) 

1872-3 

Cold 

Vesuvius,  Italy,  1872,  Apr.  23  to  May  3. 
Merapi,  Java,  1872,  April. 

1875-6 

Cold 

Vatna  Jokull,   Iceland,    1875,  March  29  an-d 
during  April. 

1884-5-6 

Cold 

Krakatoa,    Straits   of    Sunda,   1883,  Aug.  27, 

greatest  since  1783. 
Saint  Augustin,  Alaska,  1883,  Oct.  6. 
Tarawera,  New  Zealand,  1886,  June  10. 

1890-1-2 

Cold 

Bogoslof,  Aleutian  Islands,  1890,  Feb. 
Awoe,  Great  Sangir,  1892,  June  7. 

1002— ■^— 4 

Cold 

Pel6,  Martinique,  1902,  May  8. 

Santa  Maria,  Guatemala,  1902,  Oct.  24. 

Colima,  Mexico,  1903,  Feb.  and  Mar. 

1912-13 

Cold 

Katmai,  Alaska,  19 12,  June  6. 

^'  Schneider,  "Die  Vulcanischen  Erscheinungen  der  Erde,"  p.  i,  191 1. 
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which  killed  56,000  people  ^'  and  blew  up  so  much  dust  that  "  for 
three  days  there  was  darkness  at  a  distance  of  300  miles. "'^ 

There  is  a  detail  in  the  temperature  curve  for  the  years  1886-7 
that  needs  special  attention.  The  temporary  depression  where, 
seemingly,  the  temperature  should  be  steadily  rising,  obviously 
was  due  to  the  great  eruption  of  Tarawera  (June  10,  1886),  in 
New  Zealand.  This  volcano  is  a  little  more  than  38"  south  of 
the  equator,  and,  therefore,  furnishes  a  good  example  of  an  erup- 
tion on  one  side  of  the  equator  affecting  the  temperature  far  to 
the  other  side.  Doubtless,  however,  when  the  dust  gets  but  a  little 
way  into  the  isothermal  region  the  effect  is  greatest  on  the  vol- 
cano's side  of  the  equator. 

But  if  the  temperature  was  decreased  by  Tarawera,  why,  one 
might  ask,  was  not  the  pyrheliometric  curve  similarly  affected? 
It  was,  for  several  months  after  the  eruption,  as  the  individual 
monthly  values  show,^^  but  the  annual  means,  plotted  in  the  figure, 
have  the  effect  of  making  the  pyrheliometric  disturbance  from 
Tarawera  appear  only  as  a  retardation  in  the  recovery  from  the 
effects  of  Krakatoa. 

Neglecting  the  smaller  irregularities  which  may  or  may  not 
have  been  of  world-wide  occurrence,  and  remembering  that,  other 
things  being  equal,  temperature  maxima  are  to  l)e  expected  at  the 
times  of  spot  minima  and  temperature  minima  at  the  times  of 
spot  maxima,  the  marked  discrepancies  and  their  probable  ex- 
planations may  be  tabulated  as  follows : 

For  the  .sake  of  completeness  as  well  as  for  such  little  value 
and  interest  it  may  have  the  following  list  is  added  of  still  earlier 
great  volcanic  eruptions  and  the  kinds  of  seasons  that  history  "* 
reports  to  have  followed.  Taken  by  themselves  these  ancient  or 
preinstrumental  records  help  but  little  to  connect  effect  with  cause. 
Nevertheless,  it  is  at  least  pleasing  to  know  that  they  report  pre- 
cisely those  general  weather  or  seasonal  conditions  which  from 
later  and  reliable  instrumental  observations  we  infer  must  have 
happened,  provided  only  that  the  explosions  were  sufficiently  great. 

Confining  attention  to  the  first  of  the  above  lists,  since  the 
value  of  the  second  in  this  connection  is  doubtful,  it  will  be  seen 
that  excepting  some  ill-defined  cases,  all  of  the  seeming  irregu- 

"  Rept.  Krakatoa  Committee  Royal  Society.  1888.  p.  393. 
"Bulletin  Metcorohcjiquc  du  Departcmcnt  dc  I'flerault.  p.  136,  1900. 
'"  HcnniiiK.  Abhand.  dcs  K.  Prcuss.  Mctcorol  Inst.,  Bd.  II,  No.  4.  1904. 
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Date  of  eruption. 


Volcano. 


Type  of  season,  etc. 


79,  Aug.  24 


1631,  Dec.  16. 


1636,   May    18   to 

winter 
1680 

1693,  Feb.    13  till 
Aug. 

1694 
1694 

1694,  Nov.  20  till 
1695,  April 

1707,   ivlay   20   to 
Aug. 


1707 


1707,  May  25  and 
July  25' 


1 72 1,  May   II   till 
autumn 


Vesuvius.  (De- 
struction of 
Pompeii.) 

Vesuvius.  (Most 
violent  since  79. 
Height  of  ash 
cloud,  measured 
by  Braccini,  48 
kilometres.) 


Hecla 

Celebes 

Hecla 

Celebes 

Amboyna . .  . 

Gunong  Api 
Vesuvius. . . 


About  80,  severe  drought  for  several 
years  in  middle  Asia.  (Accords  with 
low  temperature  but  signifies  very 
little.) 

1632,  Apr.  27,  destructive  snow  in 
Transylvania  (Siebenbiirgen);  May 
17,  frost  in  Saxony;  hot  dry  summer 
in  Italy;  Oct.  4,  very  cold  in  France, 
37  soldiers  frozen  between  Montpellier 
and  Baziers. 

1633,  severe  winter;  May  22,  snow  and 
severe  cold  in  Transylvania. 

1637,  long,  severe  winter. 


1681 


Japanese  volcano 
Santorin 


Kotlugia. 


81,   severe   drought   and   cold   spring 
(Evelyn's  Diary). 

1694,  hard,  snowy  winter  in  both  Italy 
and  Spain;  May  17,  all  vineyards  of 
Troyes  destroyed  by  frost. 

1695,  long,  severe  and  dry  winter;  cool 
summer. 

1708,  very  mild  winter;  cold  summer; 
Dec.  10  to  20,  very  heavy  snow  in 
France. 

1709,  from  Jan.  6,  for  a  month  and  a 
half  extraordinary  severe  cold  in 
nearly  all  Europe;  Adriatic  Sea  and 
Thames  frozen;  snow  10  feet  deep  in 
Spain  and  Portugal;  50  days  frost  in 
England  from  Dec.  25,  1708  till 
March  12,  1709;  mild  winter  in  Con- 
stantinople, but  very  severe  in  east- 
em  North  America;  May  17,  snow  in 
Oedenburg;  May  17  and  18,  frost  in 
Alsace;  cool,  grainy  summer. 

1722,  cool,  wet  year. 


larities  in  the  temperature  curve,  and  all  of  the  known  volcanic 
eruptions,  are  satisfactorily  accounted  for. 

It  may  be  concluded,  therefore,  that  the  variations  in  the 
average  temperature  of  the  atmosphere  of  the  kind  and  magni- 
tude shown  by  actual  records  depend  jointly  upon  volcanic 
eruptions,  through  the  action  of  dust  on  radiation,  as  already  ex- 
plained, and  upon  sun-spot  numbers,  through,  presumably,  some 
intermediate  action  they  have  upon  the  atmosphere — possibly  of 
the  nature  explained  in  the  next  chapter. 

Magnitude  and  Importance  of  Actual  Temperature  Changes. 
—The  actual  temperature  range  from  sun-spot  maximum  to  sun- 
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spot  minimum  varies,  roughly,  from  0.5°  C.  to  1°  C,  or  possibly 
more,  while  the  effect  of  volcanic  dust  appears  to  be  fully  as 
great — on  rare  occasions  even  much  greater.  In  some  ways,  and 
in  respect  to  many  things,  a  range  of  average  temperatures  of 
even  1°  C.  is  well-nigh  negligible,  and,  therefore,  however  im- 
portant the  results  may  seem  to  the  scientist,  the  ultra-utilitarian 
would  be  justified  in  asking,  "  What  of  it?  " 

Much  of  it,  in  a  distinctly  practical  as  well  as  in  a  purely 
scientific  sense,  as  is  true  of  every  fact  of  nature.  For  instance, 
during  the  summer,  or  growing  season,  a  change  of  0.5 "^  C.  pro- 
duces a  latitude  shift  of  the  isotherms  by  fully  80  miles.  Hence, 
if  there  is  but  little  or  no  volcanic  dust  to  interfere,  during  sun- 
spot  minima  cereals  and  other  crops  may  be  successfully  grown 
50  to  150  miles  farther  north  (or  south  in  the  southern  hemi- 
sphere) than  at  the  times  of  sun-spot  maxima.  This  alone  is  of 
great  practical  importance,  especially  to  those  who  live  near  the 
thermal  limits  of  crop  production. 

In  addition  to  changing  the  area  over  which  crop  production 
is  possible,  a  change  of  average  temperature  also  affects,  in  some 
cases  greatly,  the  time  of  plant  development.  Thus  Walter  ^^  has 
shown  that  a  change  of  only  0.7°  C.  may  alter,  and  in  Mauritius 
has  been  observed  actually  to  alter  by  as  much  as  an  entire  year, 
the  time  required  for  the  maturing  of  sugar  cane.  Hence  the 
temperature  changes  that  normally  accompany  sun-spot  varia- 
tions, though  small  in  absolute  magnitude,  are  of  great  impor- 
tance, and,  by  availing  ourselves  of  the  reasonable  foreknowledge 
we  have  of  these  changes,  may  easily  be  made  of  still  greater 
importance. 

In  forecasting  these  small  but  important  climatic  changes  it 
must  be  distinctly  remembered  that  to  the  fairly  periodic,  and 
therefore  predictable,  sun-spot  influence  must  be  added  the  irregu- 
lar and  unpredictable  volcanic  effects.  But  even  here  the  case  is 
not  bad  for  the  forecaster,  because  the  volcanic  dust  always  pro- 
duces, qualitatively,  the  same  effect — a  cooling — and  because 
both  the  amount  of  this  cooling  and  its  duration  (generally  only 
one  or  two  years,  as  already  explained)  nviy  approximately  be 
estimated  from  the  nature  of  the  volcanic  explosion  itself. 

"  "  On  the  Influence  of  Forests  on  Rainfall  and  the  Probable  Effect  of 
'  Dcboiscmcnt '  on  Agriculture  iu  Mauritius"  (1908). 
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Chapter  V. 

OTHER  FACTORS  OF  CLIMATIC  CONTROL. 

(9,   10,  II,  12,  13,  14.) 

9.  SUN-SPOTS. 

As  already  stated,  the  average  temperature  of  the  earth  as 
a  whole  varies  inversely  with  the  frequency  of  sun-spots. 

How  Sun-spots  May  Change  Earth  Temperatures. — If  the 
solar  constant  should  remain  the  same  from  spot  maximum  to 
spot  minimum  it  clearly  w'ould  not  be  easy  to  see  at  a  glance  why 
the  surface  temperature  of  the  earth  should  vary  as  it  does  with 
spot  numbers;  and  the  situation  is  still  more  difficult  if,  as  ob- 
servations appear  to  indicate,  the  lowest  temperatures  occur  when 
the  solar  constant  is  greatest  and  the  highest  temperatures  occur 
when  this  constant  is  least.  There  is,  however,  a  possible  ex- 
planation of  the  paradox,  and,  while  it  may  not  contain  the  whole 
truth,  it  nevertheless  is  sufficient  to  show  a  priori  that  in  all  prob- 
ability our  temperatures  do  change  from  spot  maxima  to  spot 
minima  without  a  corresponding  change  in  the  solar  constant, 
and  also  to  show  that  a  decrease  in  our  surface  temperatures  may 
accompany  even  a  slight  increase  in  the  solar  constant. 

The  explanation  in  question  has  already  been  given  else- 
where,*^ and  the  original  paper  must  be  consulted  by  those  who 
wish  to  weigh  all  the  details  of  the  argument.  Briefly,  however, 
the  argument  is  as  follows: 

1.  At  the  times  of  spot  maxima  the  solar  corona  is  much 
more  extensive  than  it  is  at  the  times  of  spot  minima — a  well- 
known  observation. 

2.  This  corona  consists,  in  part  at  least,  of  reflecting  par- 
ticles, as  many  eclipse  observations  have  shown,  and  so  may  be 
regarded  as  dust  in  the  solar  atmosphere. 

3.  The  brightness  of  the  sun,  as  every  solar  observer  knows, 
drops  oflF  from  centre  to  limb. 

4.  This  drop,  as  reported  by  various  observers,  is  greater 
the  shorter  the  wave-length,  and  due,  almost  certainly,  to 
diffuse  scattering. 

From   the   observational   facts   it   follows   that   during  spot 
"  Humphreys,  Astrophys.  Jr.,  32,  p.  97,  1910. 
Vol.  189.  No.  1129 — 6 
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minima,  other  things  being  equal,  the  solar  spectrum  must  neces- 
sarily be  richer  in  violet  and  ultra-violet  radiation  than  it  is  dur- 
ing spot  maxima. 

But,  as  experiment  has  shown,**^  ultra-violet  radiation  of 
shorter  wave-length  than  A  1850  is  strongly  absorbed  by  oxygen, 
with  the  result  that  some  of  the  oxygen  is  converted  into  ozone. 
Hence,  since  the  atmosphere  of  the  isothermal. region  is  cold  and, 
dry  (conditions  favorable  to  the  stability  of  ozone)  and  since 
of  the  gases  of  the  upper  atmosphere  only  oxygen  is  appreciably 
absorptive  of  radiations  between  A  1250  and  A  1900  **  the  strato- 
sphere was  believed  to  contain  more  or  less  ozone,  a  belief  now 
fully  confirmed  by  several  observers,'*^  and  long  ago  virtually 
confirmed  by  Angstrom. ^^  In  so  far,  then,  as  this  ozone  is  pro- 
.duced  by  the  action  of  ultra-violet  solar  radiation,  it  is  also  logical 
to  expect  it  to  be  greater  in  quantity  when  the  short  wave-length 
radiation,  to  which  it  is  due,  is  most  intense,  or,  presumably, 
therefore,  at  the  times  of  spot  minima.  Now,  according  to  the 
experiments  of  Ladenburg  and  Lehmann,^^  while  ozone  is  some- 
what absorptive  of  solar  radiation  it  is  several-fold  more  absorp- 
tive, in  fact,  highly  absorptive,  of  terrestrial  radiation.  Hence, 
in  this  case,  as  in  the  case  of  the  absorption  of  radiation  by  dust, 
already  considered,  equation  A  is  applicable. 

In  this  equation  let  a  be  the  coefficient  of  absorption  of  the 
ozone  in  the  isothermal  region  for  solar  radiation,  and  b  its  co- 
efficient of  absorption  for  earth  radiation.  To  be  definite,  let 
a  =  0.02  and  b  =  o.io  at  the  time  of  spot  maximum,  and  for  a 
spot  minimum  let  a  =  o.03  and  ^  =  0.15,  quantities  that  would 
require  really  very  bttle  ozone.  Then,  since  the  earth  radiates  prac- 
tically as  a  full  radiator,  or  black  body,  at  the  absolute  tempera- 
ture 256°  C,  if  T  max.  and  T  min.  are  the  equilibrium  tempera- 
tures at  the  time  of  spotmaximum  and  spot  mininnun, respectively. 

V  256   /      500 

"Lyman,  Asirophys.  Jr.,  27,  p.  87,  1Q08. 

*•  Lyman    (/.    c). 

"Fabry  and  Buisson,  ('.  A'.,  156,  p.  782,  1913:  Journal  dc  rhy.s-iqur.  3,  p. 
iq6,  1913;  Fowler  and  Strutt,  Froc.  Roy.  Soc.  A.,  93.  p.  -,77.  1017:  Fowle, 
Smithsonian  Mi.sccllancous  Collections  V..  68.  No.  8,  1917. 

^  Arkiv  fiir  Matcmatik,  Astronomi  och  Fysik.  i,  p.  395,    kk)4. 

"  Annalcn  dcr  Physik,  21,  p.  305,   1906. 
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and 


(rmm.Y  _  2129 
256  /    ~  2000* 


min.  =  26o°.o5 


That  is,  under  these  conditions,  and  if  the  solar  constant 
should  remain  exactly  the  same,  the  temperature  at  the  time  of 
spot  minimum  would  be  i°.4  C.  warmer  than  at  the  time  of 
spot  maximum.  Hence,  even  a  slight  increase  in  the  solar  con- 
stant at  the  time  of  spot  maximum  might  still  leave  the  tempera- 
ture a  trifle  cooler  than  at  the  time  of  spot  minimum. 

Obviously,  too,  a  greater  extent  of  cirrus  and  cirrus  haze 
during  spot  maxima  than  during  spot  minima  (a  condition  some 
observers  have  thought  to  exist;  and  due,  perhaps,  if  it  does 
exist,  to  auroral  effect)  would  also  tend  to  produce  tlie  concur- 
rent temperature  difference. 

Of  course,  it  is  not  asserted  that  either  the  ozone,  or  the  cirrus 
haze,  actually  does  vary  in  the  manner  assumed — observations  are 
inadequate  to  decide  either  question;  but  as  such  changes  are  in 
complete  accord  with  laboratory  experiments,  it  seems  that  the 
possibility  of  their  occurrence  in  nature,  and  their  effects,  should 
b€  mentioned. 

INFLUENCE    OF   CARBON   DIOXIDE   ON    TEMPERATURES. 

It  was  stated  in  the  early  part  of  this  discussion,  under  the 
carbon  dioxide  theory  of  ice  ages,  that  the  question  of  the  possible 
effect  a  change  in  the  amount  of  carbon  dioxide  in  the  atmosphere 
might  have  on  temperatures  would  be  taken  up  later.  The  way 
to  this  is  now  open  through  the  above  discussion  of  ozone.  Like 
ozone,  carbon  dioxide  also  is  more  absorptive  of  terrestrial 
radiation  than  of  solar  energy.  Hence,  increasing  the  carbon 
dioxide  in  the  atmosphere,  and  thereby  increasing  its  amount 
in  the  isothermal  region  where  it  can  be  treated  as  a  shell  external 
to  the  radiating  earth,  obviously  must  have  the  same  general 
effect  on  the  temperature  of  the  earth  as  increasing  the  ozone  of 
this  region  would  have.  That  is,  other  things  being  equal,  a 
greater  or  less  temperature  increase  would  follow  the  introduc- 
tion into  the  atmosphere  of  a  larger  amount  of  carbon  dioxide. 

Because  of  the  constant  mixing  caused  by  vertical  convection, 
it  is  probable  that  the  percentage  of  carbon  dioxide  is  very  nearly 
as  great  at  the  under  surface  of  the  isothermal  region  as  it  is  at 
the  surface  of  the  earth.     H  so.  then  the  carbon  dioxide  of  the 
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isothermal  region  is  equivalent,  roughly,  to  a  layer  40  centimetres 
thick  at  normal  atmospheric  pressure.  In  high  latitudes,  where 
the  isothermal  level  is  lov^,  the  equivalent  layer  probably  is  thicker 
than  this,  and  in  equatorial  regions  probably  thinner.  Now, 
according  to  the  experiments  of  Schlaefer,^'®  a  layer  of  carbon 
dioxide  40  centimetres  thick  is  sufficient  to  produce  very  nearly 
full  absorption,  and,  therefore,  no  increase  in  the  amount  of 
carbon  dioxide  in  the  atmosphere  could  very  much  increase 
its  temperature. 

An  approximate  idea  of  the  possible  temperature  change  of 
the  lower  atmosphere  as  a  result  of  the  presence  of  carbon  dioxide 
in  the  isothermal  region  can  be  obtained  from  known  data.  Thus, 
Abbot  and  Fowle  ^^  have  computed  that  carbon  dioxide  may  ab- 
sorb 14  per  cent,  of  the  radiation  from  a  black  body  at  the  tem- 
perature of  282.2°  C.  absolute.  But  as  this  is  not  many  degrees, 
25  or  so,  above  the  effective  temperature  of  the  earth  as  a  radi- 
ator, it  follows  that  14  per  cent,  is,  roughly,  the  upper  limit  to 
which  terrestrial  radiation  can  be  absorbed  by  carbon  dioxide  in 
the  isothermal  region,  while  its  absorption  of  solar  radiation  is 
very  nearly  negligible. 

Assuming  that  the  present  amount  of  carbon  dioxide  in  the 
isothermal  region  absorbs  i  per  cent,  of  the  solar  radiation  and 
10  per  cent,  of  the  o'utgoing  earth  radiation  (values  that  seem  to 
be,  roughly,  of  the  correct  order),  and  using  equation  ./.  it  will 
be  seen,  if  the  ex])erimtnts  here  referred  to  and  the  assump- 
tions are  substantially  correct,  that  doubling  or  even  multiplying 
by  several-fold  the  present  amount  of  carbon  dioxide,  which 
would  leave  the  absorption  of  solar  radiation  practically  un- 
changed, and  increase  the  absorption  of  terrestrial  radiation  at 
most  to  only  14  per  cent.,  could  increase  the  intensity  of  the  radia- 
tion received  at  the  surface  of  the  earth  about  half  of  i  per  cent., 
and,  therefore,  the  average  temperature  by  no  more  than  about 
1.3°  C.  Similarly,  reducing  the  carbon  dioxide  by  one-half  could 
decrease  the  temperature  by  no  more  than  approximately  the 
same  amount,  1.3°  C. 

Tt  is  not  certain  to  what  extent  the  percentage  of  carbon 
dioxide  in  the  atmosphere  has  actually  varied  during  the  geologic 
past.  but.  if  the  above  reasoning  is  correct,  it  seems  that  surface 

**  Ann.  der  Physik,  16,  p.  93,  1905. 

**  Annals  Aslrnphys.  Obsy..  Smilhsoninn  Inst.,  vol.  ii,  p.  T72,  1008. 
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temperatures  could  never  have  been  much  increased  above  their 
present  values  through  the  action  of  this  particular  agent  alone. 
Furthermore,  the  fact,  so  far  as  known,  that  within  the  tropics, 
at  least,  plant  growth  was  quite  as  vigorous  during  the  ice  ages 
as  it  is  now,  shows  that  for  a  very  long  time,  even  in  the  geological 
sense,  carbon  dioxide  has  been  abundant  in  the  atmosphere — 
probably  never  much  less  abundant  than  at  present.  Hence,  it 
seems  likely  that  a  decrease  in  temperature  of  a  fraction  of  one 
degree  is  all  that  can  reasonably  be  accounted  for  in  this  way. 

Finally,  if  the  above  reasoning  is  correct,  it  seems  that  changes 
in  the  amount  of  carbon  dioxide  in  the  atmosphere  might  have 
been  a  factor  in  the  production  of  certain  climatic  changes  of  the 
past,  but  that  it  could  not,  of  itself,  have  produced  the  ice  ages. 

10.  LAND  ELEVATION. 

Since  many  changes  in  land  elevation  are  known  to  have  taken 
place  during  the  different  geologic  ages  it  is  necessary,  in  con- 
sidering the  climates  of  the  past,  to  inquire  what  climatic  effects 
such  variations  in  level  would  of  themselves  produce.  Changes 
in  area  will  be  considered  later. 

The  substantial  answer  to  this  question  obviously  is  found  in 
the  present  effects  of  elevation  on  climate.  That  is  to  say,  the 
effects  of  elevation  must  then  have  been  distant,  local,  and  uni- 
versal, just  as  they  now  are.  The  distant  effects  obviously  often 
extended,  as  they  now  extend,  many  hundreds  of  miles  to  the 
leeward  of  favorably  situated  high  mountain  ranges  and  con- 
sisted, as  they  now  consist,  essentially  in  a  decrease  of  precipita- 
tion, owing  to  the  extraction  of  moisture  from  the  atmosphere 
by  forced  convection  and  the  consequent  tendency  towards,  or 
even  culmination  in,  desert  conditions  beyond.  The  second  or 
local  effects  clearly  were  both  an  increase  in  the  local  precipita- 
tion, especially  on  the  windward  side,  and  an  average  decrease 
in  the  temperature,  approximately  the  same  as  at  present, ^^  of 
about  1°  C.  for  each  i8o  metres,  200  metres,  and  250  metres  dif- 
ference in  elevation  on  mountains,  hills  and  plateaus,  respectively. 

In  one  important  case,  namely,  when  the  surface  is  extensive 
and  snow-covered  (probably  to  some  extent  also  when  bare),  this 
relation  of  temperature  decrease  between  mountain,  hill  and 
plateau  does  not  hold,  as  is  obvious  from  the  following  considera- 

**  Hann,  "  Lehrbuch  der  Meteorologie,"  2nd  ed.,  p.   loi. 
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tion.  During  long,  clear  winter  nights,  such  as  obtain  in  high 
latitudes,  the  surface  becomes  greatly  chilled  through  compara- 
tively free  radiation  to  the  still  colder  air  far  above  and  even  to 
empty  space  beyond.  Hence,  the  surface  air  also  is  chilled  and 
its  density  made  correspondingly  greater.  It,  therefore,  flows 
away  to  lower  levels  and  at  the  same  time  its  temperature  is 
increased  through  increase  of  pressure,  or  at  least  prevented  from 
falling  so  low  as  it  otherwise  would.  When  the  slope  is  steep,  as 
it  usually  is  on  the  sides  of  hills  and  mountains,  this  flow  clearly 
must  be  more  or  less  rapid,  especially  along  narrow  valleys  or 
ravines,  and,  therefore,  an  approach  established,  within  this  por- 
tion of  the  air  current,  to  the  adiabatic  temperature  gradient  of 
about  1°  C.  per  each  loo  metres'  change  in  elevation.  On  the 
other  hand,  when  the  slope  is  very  gentle,  as  it  is  over  the  interior 
of  Greenland  and  over  much  of  the  explored  portion  of  the  Ant- 
arctic Continent,  air  drainage  necessarily  is  sluggish  and  unable 
to  keep  pace  with  the  surface  cooling.  Hence,  in  such  cases  the 
change  of  temperature  with  change  in  elevation  (counting  from 
sea  level)  can  be,  and  usually  is,  far  greater  than  adiabatic,  or 
1°  C,  about,  per  lOO  metres.  Hence,  such  regions,  when  there 
are  no  higher  surrounding  mountains,  can  and  often  do  establish : 
(i)  a  circulation  of  the  upper  air  from  the  ocean  to  the  higher 
portions  of  the  plateau;  (2)  a  well-defined  surface  temperature 
inversion,  or,  for  the  first  few  hundred  metres,  an  increase  of 
temperature  with  increase  of  elevation;  (3)  a  slow  settling  of 
this  air  onto  the  cold  surface  below ;  (4)  the  precipitation,  with- 
out cloud,  of  fine  snow  crystals — "  frost  snow  ";  (5)  drainage  of 
this  chilled  and  relatively  dense  air  to  lower  levels;  (6)  drifting 
of  the  snow  with  the  winds  and  the  consequent  extension,  so 
far  as  temperature  and  other  conditions  will  permit,  of  the  ice- 
covered  or  glaciated  area. 

All  these  conditions  obtain  to-day  over  the  two  great  glaciers 
that  still  remain,  that  of  Greenland  and  that  of  Antarctica,  and. 
presumably,  therefore,  must  also  have  obtained  to  a  greater  or 
less  extent  over  all  great  glacial  fields  wherever  and  whenever 
found.  Mere  changes  in  level,  therefore,  might  cause,  and  doubt- 
less often  have  caused,  somewhat  corresponding  lluctuations  in  the 
climates  of  both  local  and  leeward  regions,  and  especially  in  the 
extent  and  depth  of  local  glaciations ;  but  this  obvious  fact  does 
not  in  the  least  justify  the  assumption  that  either  the  universal 
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low  temperatures  aiid  extensive  glaciations  of  ice  ages  or  the 
world-wide  genial  temperatures  of  the  intervening  periods  had, 
on  the  whole,  any  such  origin. 

It  may  be  worth  while  in  this  connection  to  call  attention  to 
the  fact  that  the  thickness  or  depth  of  a  glacial  sheet  cannot  con- 
tinue indefinitely  to  increase  with  increase  of  elevation,  but,  on 
the  contrary,  for  each  given  locality  must  have  a  level  of  maxi- 
mum development,  above  which  it  somewhat  rapidly  decreases. 

An  important  if  not  the  chief  contributing  factor  to  this 
result  is  the  relation  of  saturation  to  temperature,  illustrated  by 
Fig.  6,  which  shows  by  its  shaded  areas  the  relative  amounts  of 
precipitation  for  each  5-degree  decrease  in  the  temperature  of 
saturated  air,  assuming  the  volume  to  remain  constant.  Now, 
as  the  wind  blows  up  and  over  a  mountain  range  its  temperature 
decreases  somewhat  regularly  with  increase  of  elevation,  and, 
therefore,  at  whatever  temperature  precipitation  begins  it  must, 
as  Fig.  6  shows,  continue  to  decrease  in  amount  as  the  cloud 
reaches  higher  and  higher  elevations — the  effect  of  the  accom- 
panying volume  increase  on  vapor  capacity  being  much  less  than 
the  effect  of  the  temperature  decrease. 

If  the  precipitation  always  began  at  the  same  level,  it  is  obvi- 
ous that  this  would  be  the  level  not  only  of  initial  but  also  of 
maximum  precipitation.  But  as  the  level  of  initial  precipitation 
actually  varies  through  a  considerable  range,  it  follows  that  the 
level  of  maximum  catch  lies  somewhere  within  this  range,  prob- 
ably, too,  well  within  its  lower  half.  Obviously,  then,  the  level 
of  maximum  snowfall  is  not  at,  nor  even  close  to,  the  tops  of 
ver>^  high  mountains,  but  far  down  near  the  lower  snow  limit. 

In  addition  to  this,  the  generally  increasing  steepness  of  the 
higher  reaches  causes  more  frequent  avalanches  and  a  greater 
speed  of  flow.  In  short,  the  higher  mountain  levels  not  only 
catch  less  snow  than  do  the  somewhat  lower,  but  also  more  rap- 
idly shed  what  they  do  catch. 

A  full  discussion  of  this  subject  would,  of  course,  require  an 
account  of  the  rate  of  melting,  evaporation,  drift,  glacial  flow, 
and  probably  other  phenomena;  but  the  above,  presumbaly,  is 
sufficient  to  make  it  clear  why  maximum  glaciation  is  not  at  the 
greatest  elevations,  but,  on  the  contrary,  at  distinctly  lower  levels. 

The  universal  climatic  effect  of  land  elevation,  mentioned 
above,  a  greater  or  less  lowering  of  the  average  temperature  over,. 
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perhaps,  the  entire  earth,  is  a  logical  consequence  of  the  other 
two.  As  is  well  known,  water  vapor  is  by  far  the  world's  great- 
est conservator  of  heat.  Hence,  anything  that  diminishes  the 
average  amount  of  this  substance  in  the  atmosphere  obviously 
must  somewhat  lower  surface  temperatures. 

Now  precipitation  through   which  the  average  humidity  is 


Fig.  6. 
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lowered  is  induced  chiefly  by  vertical  convection,  a  condition 
which  mountain  ranges  vigorously  and  extensively  produce,  (a) 
by  mechanical  deflection  of  the  winds,  (b)  by  updrafts  induced 
on  their  sides  during  summer  insolation,  and  (r)  by  the  air 
drainage  down  their  valleys  of  clear  nights.  The  first  two  types 
of  convection  are  very  efficient  in  removing  moisture  from  the 
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atmosphere,  while  the  third  spreads  the  cold  of  the  exposed 
higher  levels — exposed  in  the  sense  that  they  are  above  much  of 
the  protecting  vapor  blanket,  and,  therefore,  subjected  to  more 
rapid  cooling. 

Clearly,  then,  assuming  the  same  total  extent  of  land  area, 
the  average  temperature  of  the  world  is  lower  when  there  are  a 
number  of  high  mountain  ranges  than  when  there  are  but  few  or 
none — lower  because  the  exposed  heights  themselves  are  cold, 
because  they  drain  their  cold  air  over  adjacent  regions,  and 
because  they  dry  the  atmosphere  and  thus  prevent  other  portions 
of  the  earth  from  having  as  efficient  protection  from  heat  loss 
as  they  otherwise  w^ould. 

This  lowering  of  the  average  temperature  necessarily  de- 
creases the  rate  of  evaporation  and  the  saturation  quantity,  and, 
thereby,  presumably,  further  accentuates  the  cooling.  Hence, 
high  mountain  ranges,  especially  when  along  the  coasts  of  ex- 
tensive continents,  lead  to  low  temperatures,  local  and  windward 
glaciation,  and  reduced  leeward  precipitation.  On  the  other  hand, 
the  absence  of  mountain  ranges  permits  of  a  relatively  humid 
atmosphere  and  comparatively  high  average  temperatures. 

Conceivably,  therefore,  the  great  world-wide  climatic  changes 
of  the  past  originated  in  corresponding  changes  of  level,  gradual 
or  cataclysmic.  Nevertheless,  it  seems  most  improbable  (appa- 
rently it  has  not  yet  been  definitely  proved  one  way  or  the  other) 
that  all  the  several  glaciated  continents  rose  and  sank  together — 
that  there  neither  is,  nor  ever  was,  a  simultaneous  swing,  up 
and  down,  of  all,  or  nearly  all,  continental  areas  on  the  one  hand 
and  ocean  beds  on  the  other ;  at  least  not  to  any  such  extent  as  this 
■hypothesis  would  demand.  To  be  sure,  there  is  much  and  in- 
creasing evidence  ^^  that  in  geologically  very  recent  times  there 
has  been  an  increase  of  sea  level  relative  to  that  of  the  land  of, 
roughly,  50  metres  in  many  tropical  and  subtropical  regions 
where,  so  far  as  known,  glaciers  have  never  existed.  But  the 
simplest  interpretation  of  this  appears  to  be,  not  that  so  extensive 
and  such  different  ocean  beds  have  everywhere  sunk  to  sub- 
stantially the  same  extent  and  at  about  the  same  time,  but  rather 
that  the  phenomenon  is  onlythe  inevitable  result  of  the  melting 
of  the  extensive  glacial  sheets  of  the  Quaternary  ice  age. 

"  Vaughan,  Bull.  Amer.  Geographic  Soc,  vol.  xlvi,  p.  426,  1914 ;  Daly, 
Amer.  Jr.  Sci.,  41,  153,  1916. 
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It  will  be  assumed,  therefore,  that  all  effects,  of  whatever 
kind,  changes  in  land  elevation  may  have  had  on  climate,  local 
and  leeward,  were  essentially  as  above  explained,  and  hence  that 
such  changes,  however  important  as  contributory  factors,  con- 
stituted neither  the  sufficient  initiating  nor  the  whole  sustaining 
cause  either  of  the  glacial  or  of  the  interglacial  climates  if,  as  is 
generally  believed,  these  were  simultaneously  world-wide. 

II.  CHANGES  IN  LAND  AREA. 

In  addition  to  changes  in  land  elevation,  and  largely  because 
of  such  changes,  there  have  alsoi  been  many  variations  in  land 
extent  and,  consequently,  in  the  ratio,  both  local  and  world-wide, 
of  water  surface  to  land  surface.  The  importance  of  this  phe- 
nomena may  be  inferred  from  the  fact  that,  according  to  Schu- 
chert,^^  North  America  alone  has  been  submerged  at  least  17 
times  over  areas  that  range  from  154,000  to  4,000,000  square 
miles,  or  fully  half  its  present  extent.  Hence,  in  a  discussion  of 
how  the  climates  of  the  past  have  varied,  and  why,  it  is  necessary 
to  take  this  additional  factor  into  consideration.  An  exact  or 
quantitative  evaluation  of  this  factor  is  impossible,  but  its  quah- 
tative  effect,  and  even  a  rough  approximation  to  its  numerical 
value,  may  be  inferred  from  the  present  climates,  along  the  same 
latitudes,  of  continents  and  of  islands,  and  also  from  the  climatic 
contrast  between  the  northern  and  the  southern  hemispheres,  as 
shown  in  Fig.  8,  by  the  mean  annual  isotherms.  That  is,  any 
appreciable  increase  in  the  ratio  of  land  to  ocean  surface  pre- 
sumably accentuated  the  seasonal  contrasts,  or  made  the  sum- 
mers warmer  and  the  winters  colder  than  they  otherwise  would 
have  been.  It  must  also  have  accentuated  the  latitude  contrast 
or  made  warm  regions  warmer  and  cold  ones  still  colder,  as  is 
also  illustrated  by  Fig.  8.  In  .short,  any  increase  of  land  area 
must,  in  general,  have  rendered  the  local  climate  more  continental 
and  less  marine,  and  all  this  for  the  obvious  reason  that  while  the 
solid  portions  of  the  earth,  rock,  sand  and  soil  have  no  power 
of  avoidinc:  great  temperature  ranges  through  either  evaporation, 
convection  or  flow  to  other  latitudes,  all  three  methods  belong 
abundantly  to  the  ocean. 

From  this,  in  turn,  since  the  range  of  animal  species  is  partly 
restricted  and  delimited  by  the  extremes  of  temperature,  and  the 

"Bull  Crol.  Snr.  America,  vol.   xx.  p.  601,   toto. 
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range  of  vegetable  species  limited  both  by  these  extremes  and  by 
the  length  of  the  growing  season,  it  follows  that  an  age  of  great 
land  extent  must,  through  its  fossils,  give  evidence  of  an  exces- 
sive zonal  climatic  contrast,  or  appear  in  middle  and  higher  lati- 
tudes to  have  been  one  of  harsh  climates,  while  an  age  of  small 
land  extent,  even  though  the  world  as  a  whole  had  the  same 
average  temperature  as  before,  must  similarly  record  a  much 
less  zonal  contrast  and  a  spread  of  genial  climates  to  far 
higher  latitudes. 

In  the  above  attention  has  been  confined  strictly  to  land  sur- 
faces, their  elevation  and  their  areas,  but  continental  mountain 
ranges  and  plateaus  are  not  the  only  portions  of  the  earth  subject 
to  changes  in  elevation  and  extent.  Ocean  beds  and  submarine 
ridges  must  also  vary  in  both  particulars,  and,  in  turn,  profoundly 
modify  both  local  temperatures  and  zonal  contrasts.  Some  of 
these  ridges  doubtless  have  alternately  risen  quite  to  the  surface, 
perhaps  at  times  much  higher,  and  again  sunk  to  considerable 
depths,  and  in  each  case  inevitably  have  produced  greater  or  less 
climatic  changes  through  the  resulting  alterations  in  the  oceanic 
and  atmospheric  circulations,  and,  perhaps,  in  other  ways. 

12,  13.  ATMOSPHERIC  AND   OCEANIC  CIRCULATION. 

As  everyone  knows,  practically  the  entire  amount  of  heat  that 
maintains  the  surface  temperature  of  the  earth  is  the  result  of 
the  absorption  of  solar  energy,  chiefly  by  the  lower  atmosphere 
and  by  the  various  superficial  coverings  of  the  surface — vegeta- 
tion, soil,  rock,  and  water.  On  the  average,  the  daily  supply  of  this 
heat  per  unit  area  is  much  greater  within  the  Tropics  than  it  is  at 
higher  latitudes,  a  condition  that  maintains  two  distinct,  though 
largely  interdependent,  systems  of  perpetual  circulation,  the  at- 
mospheric and  the  oceanic,  that  tend  to  equalize  the  temperatures 
of  the  earth — that  keep  the  tropical  regions  from  becoming  un- 
bearably hot  and  the  frigid  zones  from  being  unendurably  cold. 

Clearly,  then,  any  modificationof  either  of  these  circulations 
would  produce  a  corresponding  change  of  climates,  and  the  cause 
of  this  modification  might  properly  be  regarded  as  the  cause  of 
the  given  climatic  changes  themselves.  But  preliminary  to  a  con- 
sideration of  the  probable  climatic  effects  of  any  such  modifica- 
tion it  will  be  necessary,  first,  briefly  to  examine  both  circulations 
as  they  now  exist. 
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Present  Atiiiospherie  and  Oceanic  Circulations. — Despite  in- 
numerable disturbances,  great  and  small,  the  fundamental  cir- 
culation of  the  atmosphere  is  from  equatorial  toward  polar 
regions  and  return,  over  a  surface  that  moves  from  west  to  east 
with  a  linear  velocity  that  gradually  decreases  with  increase  of 
latitude.  As  a  result  of  these  conditions  the  prevailing  winds  of 
latitudes  higher  than  32°,  roughly,  N.  and  S.,  blow  from  the  west 
towards  the  east,  or,  to  be  exact,  have  a  west-to-east  component, 
while  the  winds  between  these  latitudes,  in  the  neighborhood, 
therefore,  of  the  equator  and  the  tropics,  commonly  blow,  in  the 
same  general  sense  as  above,  from  the  east  towards  the  west. 

Now,  the  rotation  of  the  earth  has  forced  it  to  take  the  shape 
of  an  oblate  spheroid — has  bulged  it  at  the  equator  and  flattened 
it  at  the  poles — and  this  distortion  from  the  perfect  sphere  is 
such  that  an  object  on  the  surface  is  in  equilibrium,  so  far  as 
moving  north  or  south  is  concerned,  only  when  it  has  the  same 
angular  velocity  about  the  axis  of  the  earth  that  the  earth  itself 
has,  or,  in  short,  when  it  has  no  motion  over  the  surface  east  or 
west.  Obviously,  then,  an  object  moving  from  west  to  east,  or  with 
an  angular  velocity  exceeding  that  of  the  earth,  would  be  in 
equilibrium  on  a  bulge  greater  than  that  which  actually  exists,  and 
hence  all  winds  with  an  eastward  component,  and,  therefore,  as 
stated,  the  prevailing  winds  outside  latitudes  32°  N.  and  S.,  must 
tend  to  climb  up  towards  the  equator.  On  the  other  hand,  an. 
object  moving  from  east  to  west,  or  with  an  angular  velocity  less 
than  that  of  the  earth,  as  do  the  prevailing  winds  between  lati- 
tudes 32°  N.  and  S.,  must  tend  to  slide  down  towards  the  adjacent 
or  nearest  pole.  These  opposite  drifts  of  the  winds,  therefore, 
the  drift  of  the  winds  of  high  latitudes  toward  the  equator  and 
the  drift  of  the  tropical  winds  toward  the  adjacent  pole,  obviously 
have  produced  the  two  belts  of  relatively  high  barometric  pres- 
sure that  roughly  parallel  the  equator,  the  one  at  about  latitude 
7,2°  N. ;  the  other  at  approximately  latitude  32°  S. 

Each  belt  of  high  pressure  is  greatly  disturbed  where  it  crosses 
a  continental  area,  owing  chiefly  to  temperature  inequalities,  but 
it  also  happens  that  even  on  the  oceans  the  belts  are  of  unequal 
intensity,  and,  what  is  of  especial  importance,  have  relatively 
fixed  absolute  pressure  triaxima  or  anticyclonic  centres. 

These  permanent  or  nearly  permanent  centres  of  high  pres- 
sure, or  centres  of  action  as  they  have  been  called,  are  five  in 
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number,  as  a  reference  to  Fig.  7  will  show ;  two  in  the  northern 
hemisphere,  one  off  the  coast  of  southern  California,  the  other 
near  the  Azores;  and  three  in  the  southern  hemisphere,  one  off 
the  coast  of  Chile,  another  just  west  of  South  Africa,  and  a  third 
between  South  Africa  and  Australia.  Further,  as  is  shown  by 
Fig.  8,  there  is,  in  the  region  of  each  of  these  permanent  anti- 
cyclonic  centres,  a  marked  equatorial  deflection  of  the  annual 
average  isotherms,  showing  clearly  that  while  each  high  pressure 
belt  as  a  whole  is  caused  by  the  mechanical  squeeze  of  the  opposite 
air  drifts,  above  explained,  the  additional  pressure  that  produces 
each  maximum  is  a  result  of  the  local  relatively  low  temperature, 
which  causes  a  corresponding  contraction  and,  therefore,  in- 
creased density  of  the  local  atmosphere.  And,  finally,  these  par- 
ticular low  air  temperatures  in  turn  are  caused  by  cold  ocean  cur- 
rents, as  is  obvious  from  Fig.  9,  and  again  from  Fig.  10,  which 
show  the  interrelations  here  considered  between  barometric 
pressure,  air  isotherms,  and  ocean  currents. 

That  both  the  mere  existence  of  these  anticyclonic  centres  and 
their  several  geographic  locations  are  of  great  importance  to  the 
climates  of  neighboring  regions,  through  their  directing  influence 
on  the  prevailing  winds,  is  obvious  from  Figs.  11  and  12,  that 
give  the  directions  and  indicate  the  average  force  and  steadiness 
of  ocean  winds  at  different  seasons.  But  all  this  influence  on 
the  winds,  however  vital  to  many  a  local  climate,  can  properly 
be  said  to  be  only  one  of  the  important  climatic  effects  of  the 
existing  ocean  currents. 

In  addition  to  the  several  permanent  anticyclonic  centres  there 
are,  also  (see  Figs.  11  and  12),  one  permanent  cyclonic  centre, 
the  Icelandic  "  low,"  and  one  semi-permanent  or  winter  cyclonic 
centre,  the  Aleutian  "  low,"  both  of  which  are  strongly  influenced 
by  ocean  currents,  the  first  by  the  (lulf  Stream  and  the  second  by 
the  Japan  Current.  The  Icelandic  "  low  "  results  from  the  tem- 
perature contrast  between  the  air  over  the  relatively  warm  water 
and  that  over  the  glacial  fields  of  Greenland  and  Iceland,  in  con- 
sequence of  which  there  is  established  a  circulation  in  the 
sense  of  an  overflow  from  the  warm  region  and  counter  under- 
flows from  both  the  adjacent  cold  regions.  This  thermally  in- 
duced circulation  in  conjunction  with  the  rotation  of  the  earth 
produces  cyclonic  conditions,  and  as  the  temperature  contrasts 
are  permanent  (the  Icelandic  and  the  Greenland  glaciers  remain 
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throughout  the  year  and  indefinitely),  the  cyclonic  conditions 
themselves  of  this  region  are  also  permanent. 

The  Aleutian  "  low,"  on  the  contrary,  that  is  flanked  by  the 
Alaskan  peninsula  and  the  peninsulas  of  northeastern  Siberia,  has 
a  circulation  similar  to  that  of  the  Icelandic  "  low,"  and  for  sim- 
ilar reasons,  only  while  the  adjacent  land  areas  are  covered  with 
ice  and  snow  and,  therefore,  are  relatively  cold.  In  the  spring, 
when  the  snow  melts  away,  the  cyclonic  conditions  also  disap- 
pear, there  then  being  nothing  to  sustain  them. 

But  the  formation  and  geographic  location  of  the  above 
cyclonic  and  anticyclonic  conditions — direction  and  force  of 
winds,  nature  and  frequency  of  storms,  and  the  like — do  not 
exhaust  the  more  important  climatic  effects  of  existing  ocean 
currents,  as  a  glance  at  the  annual  average  isotherms  and  ocean 
currents  of  the  North  Atlantic  (Fig.  lo)  will  show.  In  fact,  the 
January  isotherm  of  Chicago,  Bufifalo,  and  Boston  (very  approxi- 
mately on  the  latitude  of  Rome),  though  not  particularly  cold, 
passes,  under  the  influence  of  the  Gulf  Stream,  through  Iceland 
and  on  well  beyond  the  Arctic  Circle  to  the  north  of  Norway  and 
Sweden;  while,  under  the  same  influence,  frost  is  practically 
unknown  and  semitropical  vegetation  flourishes  on  the  Scilly 
Isles  in  the  latitude  of  northern  Newfoundland.  Similarly,  it  is 
said  that  because  of  the  Japan  Current  frost  rarely,  if  ever, 
occurs  on  one  or  two  of  the  Aleutian  islands. 

Obviously,  then,  as  the  above  several  examples  show,  the 
ocean  currents,  driven  by  the  winds,  deflected  by  the  rotation  of 
the  earth  and  by  continental  and  island  barriers,  and  otherwise 
modified  by  various  minor  causes,  are  both  directly  and  indirectly 
of  the  greatest  importance  to  the  climates  of  many  parts  of  the 
world ;  directly  through  the  immense  thermal  interchange  they 
establish  between  the  torrid  and  the  frigid  zones,  and  indirectly 
through  the  centres  of  action,  the  permanent  and  semi-permanent 
"  highs  "  and  "  lows,"  they  create  and  maintain. 

Possible  Changes  in  the  Oceanic  Circulation  and  the  Obvious 
Climatic  Results. — Clearly,  if  the  immense  system  of  hot-water 
heating  by  which  the  temperature  of  the  whole  surface  of  the 
earth  tends  to  become  equalized  should  be  greatly  modified,  say 
by  the  opening  of  a  valve  here  or  the  closing  of  another  there, 
correspondingly  great  climatic  modifications  surely  would  have 
to  follow.    And  there  are  several,  perhaps  many,  such  valves  that 
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have  been  opened  or  closed,  irregularly,  and  from  time  to  time, 
since  the  beginning  of  geological  records.  One  such  valve  now 
partially  open,  perhaps  at  one  time  closed  and  at  another  still 
wider  open  than  at  present,  lies  between  South  America  and  the 
Antarctic  continent.  Another,  now  but  a  little  way  open,  is 
Bering  Strait,  which  doubtless  has  greatly  changed  from  one  to 
another  geologic  age.  Still  another,  now  wholly  closed,  but  at 
one  time  probably  wide  open,  is  the  Central  American  region 
between  the  Caribbean  Sea  and  the  Pacific  Ocean.  This  par- 
ticular valve,  if  now  widely  opened,  would,  on  the  one  hand, 
obliterate  the  Gulf  Stream  proper  and  probably  diminish  the 
Antilles  current,  and,  on  the  other,  greatly  increase  the  Japan 
Current;  and,  of  course,  in  each  case  induce  widespread  and 
marked  climatic  changes.  Yet  another  valve,  now  rather  wide 
open,  that  merits  special  mention,  a  valve  that  may  have  suffered 
many  changes  and  have  undergone  its  latest  opening  only  in 
recent  times,  geologically  speaking,  is  found  in  that  ridge  which 
by  way  of  Iceland  and  the  Faroe  Islands  connects  Greenland  with 
north  Scotland. 

With  this  Greenland-Scotland  valve  closed  and  even  with 
all  the  other  valves,  channels  of  flow  and  deflecting  obstructions, 
substantially  as  they  now  are,  it  is  well-nigh  certain  that  the 
Icelandic  "  low  "  would  shift  to  some  point  between  Greenland 
and  Newfoundland;  that  Labrador  and  the  Hudson  Bay  region 
would  receive  a  greatly  increased  precipitation ;  that  the  Nor- 
wegian Sea  would  become  largely,  if  not  wholly,  ice-covered; 
and,  finally,  that  Norway  and  Sweden,  since  they  have  the  same 
latitude  as  Greenland,  would  be  swept  by  winds  of  practically 
Arctic  temperature  and,  therefore,  eventually  would  become,  like 
Greenland  itself,  almost  wholly  ice-capped.  Indeed,  any  decided 
change  in  either  the  average  intensity  or  average  position  of  the 
Icelandic  "  low."  if  continued  for  even  a  few  weeks,  seems  to 
produce  a  marked  influence  on  the  weather  of  west  and  north 
Europe.  In  general,  whenever  the  average  position  of  this  "low" 
during  a  winter  month  is  considerably  to  the  west  of  its  normal 
place,  as  occasionally  happens,  the  average  temperature  of  north 
pAirope  is  likely  to  be  several  degrees  below  normal.''''  That  is. 
the  above  conclusion  that  a  permanent  or  age-long  shift  of  the 
Icelandic  "  low  "  far  to  the  west  of  its  present  position  would 

"  Hann,  "  Handbuch  der  Meteorologie,"  3rd  ed.,  pp.  632-3,  637,  639. 
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lead  to,  or,  at  least,  permit,  the  reglaciation  of  portions  of  north 
Europe  appears  to  be  abundantly  supported  by  direct  observation. 
Nor  would  these  be  all  the  profound  climatic  changes  that  prob- 
ably, indeed  well-nigh  certainly,  would  follow  the  closing  of  the 
Greenland-Scotland  valve,  but  they  are  sufficient,  if  granted,  to 
indicate  how  vitally  important  the  direction  and  magnitude  of  the 
ocean  currents  are  to  our  climates  and  to  local  glaciation. 

Doubtless  many  other  valves  have  contributed  their  part  in 
the  control  of  the  earth's  great  water  circulation  and  the  regu- 
lation of  its  climatic  details,  but  it  would  be  tedious  to  take  all  of 
them  up  individually,  and  for  the  present  purpose  unnecessary, 
since  it  is  desired  here  only  to  make  clear  the  fact  that  oceanic 
circulation  is  a  vital  factor  in  the  production  and  control  of  many 
a  local  climate. 

14.  SURFACE  COVERING. 

The  contrast  between  land  and  water  in  respect  to  their  cli- 
matic effects  obviously  is  largely  due  to  the  inequality  of  their 
surfaces  both  as  radiators  and  as  absorbers.  The  values  of  these 
properties  are  approximately  known  for  the  ocean,  but  not  for 
the  continents.  In  fact,  there  are  no  fixed  values  for  land  areas ; 
nor  can  there  be,  since  their  surfaces  undergo  many  and  great 
changes.  Bare  soil,  luxuriant  vegetation,  and  snow,  for  instance, 
are  among  the  surface  coverings  that  have  very  unequal  powers 
of  radiation  and  absorption;  and,  therefore,  the  changes  from 
one  to  the  other  over  any  extensive  area  necessarily  is  a  matter 
of  climatic  importance. 

To  illustrate  an  extreme,  but  seemingly  possible,  climatic 
effect  due  to  change  of  surface,  assume : 

(i)  That  continental  areas  are  unusually  extensive;  (2)  that 
mountains  are  abundant  and  high;  (3)  that  during  a  period  of 
a  few  years  volcanic  explosions  are  frequent  (one  a  year,  say) 
and  of  such  nature  as  to  put  large  quantities  of  dust  in  the 
upper  atmosphere,  as  did  the  Krakatoa  and  other  explosions  of 
historic  times. 

The  low  temperatures  due  to  the  volcanic  dust  would  lead 
to  an  abnormal  extent  of  continental  snow  covering,  and  this, 
in  turn,  by  its  power  of  reflection,  would  render  the  insolation 
correspondingly  less  effective — would  virtually  decrease  the  solar 
constant,  for  all  the  reflected  radiation  that  passes  directly  to 
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space  had  as  well  never  have  reached  the  earth  at  all,  so  far  as 
producing  any  heating  is  concerned.  In  this  way  an  ice  cover- 
ing of  the  land  areas,  far  more  extensive  than  previously  existed, 
might  be  initiated  by  the  volcanic  explosions,  and  then  perpetu- 
ated over  long  periods,  if  not  even  added  to,  by  the  highly  re- 
flecting snow  cover. 

CHRONOLOGICAL  RELATION  OF  GEOLOGICAL  EVENTS. 

It  is  rarely  possible  to  state  in  terms  of  years  even  approxi- 
mately when  any  prehistoric  geological  event  occurred  or,  simi- 
larly, to  measure  its  duration,  but  it  is  possible  in  large  measure 
accurately  to  decipher  the  order  of  their  occurrence  and  to  learn 
their  chronological  relations  to  each  other. 

Our  present  knowledge  of  geological  chronology  has  been 
summarized  by  several  geologists^ — Schuchert  in  his  "  Climates  of 
Geologic  Time,"  ^*  for  instance — all  of  whom,  though  differing 
in  details,  have  much  in  common.  In  the  course  of  his  summary 
Schuchert  ^^  says : 

The  data  at  hand  show  that  the  earth  since  the  beginning  of  geologic 
history  has  periodically  undergone  more  or  less  widespread  glaciation,  and 
that  the  cold  climates  have  been  of  short  geologic  duration.  So  far  as  known, 
there  were  seven  periods  of  decided  temperature  changes,  and  of  these  at 
least  four  were  glacial  climates.  The  greatest  intensity  of  these  reduced  tem- 
peratures varied  between  the  hemispheres,  for  in  earliest  Proterozoic  and 
Pleistocene  time  it  lay  in  the  northern,  while  in  late  Proterozoic  and 
Permic  time  it  was  more  equatorial  than  boreal.  The  three  other  probable 
periods  of  cooled  climates  are  as  yet  too  little  known  to  make  out  their 
centres  of  greatest  intensity. 

Of  the  four  more  or  less  well-determined  glacial  periods,  at  least  three 
(the  earliest  Proterozoic,  Permic,  and  Pleistocene)  occurred  during  or  di- 
rectly after  times  of  intensive  mountain-making,  while  the  fourth  (late  Pro- 
terozoic) apparently  also  followed  a  period  of  elevation.  The  Table  Moun- 
tain tillites  of  South  Africa,  if  correctly  correlated,  fall  in  with  the  time  of  the 
making  of  the  great  Caledonian  Mountains  in  the  northern  hemisphere.  On 
the  other  hand,  the  very  marked  and  world-wide  mountain-making  period, 
with  decided  volcanic  activity,  during  late  Mesozoic  and  earliest  Eocene 
times,  was  not  accompanied  by  a  glacial  climate,  but  only  a  cooled  one.  The 
cooled  period  of  the  Liassic  also  followed  a  mountain-making  period,  that  of 
late  Triassic  time.  We  may  therefore  state  that  cooled  and  cold  climates,  as 
a  rule,  occur  during  or  immediately  follow  periods  of  marked  mountain- 
making— a  conclusion  also  arrived  at  independently  by  Ramsay." 

"Carnegie  Institution  of  Washington,  Publication  No.   192,  p.  285,  1914. 

"  L.  C,  p.  286. 

"  Oversigt  af    Fiiiska   Vet.-Soc.   Forhandl.,   vol.   lii.  pp.    1-48,    1910. 
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From  the  above,  with  which  most  geologists  are  in  accord,  it 
appears  that  neither  cold  climates  nor  even  cool  climates  ever 
occurred  except  when  mountains  were  either  building  or  at  least 
geologically  young,  and,  also,  so  far  as  may  be  judged  from  the 
Strand  line  of  North  America,  when  the  ratio  of  land  area  to 
ocean  was  relatively  large.  This  coincidence  appears  to  have 
occurred  too  frequently  to  admit  of  the  idea  that  it  was  mere 
chance  or  due  to  anything  less  than  some  sort  of  a  casual  rela- 
tion— surely  not  that  the  cold  climates  produced  the  mountains, 
nor  necessarily  that  mountain  building  was  wholly  responsible  for 
glaciation,  but  rather  that  crustal  uplift  and  the  other  geological 
phenomena,  w'hatever  they  were,  that  went  with  it  so  combined 
as  to  produce  at  one  time  a  small  and  at  another  a  great  climatic 
change,  If,  also,  as  supported  by  geological  evidence,  vulcanism 
(only  violently  explosive  volcanoes  are  of  especial  climatological 
importance),  was,  in  general,  most  active  during  the  epochs  of 
mountain  building,  but  unequally  so  for  different  mountain  sys- 
tems, then  it  follows  that  at  each  of  these  particular  times  there 
obtained  to  a  greater  or  less  degree  precisely  those  formations 
and  conditions — high  mountains,  extensive  land  area,  restricted 
oceanic  circulation  and  much  volcanic  dust — which  are  known  to 
be  effective  to-day  in  reducing  temperature,  and  which,  presum- 
ably, are  entirely  sufficient,  when  properly  cooperating,  to  pro- 
duce not  only  a  cool  climate,  such  as,  relatively  speaking,  now 
prevails,  but  even  climates  that  are  severely  glacial.  Which  of 
these  several  causes  was  most  effective  in  producing  the  low  tem- 
peratures of  any  given  age  in  the  past  (they  must  have  been 
unequally  active  at  different  epochs)  it  may  be  impossible  to  de- 
termine, but  the  brief  duration  of  distinctly  glacial  ages  in  com- 
parison to  the  much  longer  periods  when  mild  climates  prevailed " 
seems  strongly  to  favor  the  assumption  that  vigorous  vulcanism 
was  often  at  least  an  important  contributing  factor. 

But  whatever  else  geologic  chronology,  as  it  is  now  under- 
stood, may  teach  in  regard  to  the  climatic  changes  of  the  past,  the 
practical  coincidence  of  cold  ages  with  mountain  building  epochs 
appears  at  once  and  irretrievably  to  negative  the  entire  group 
of  cosmical  ice-age  theories — those  that  assume  all  great  climatic 
changes  to  depend  upon  the  sun,  a  condition  in  space,  or  anything 
else  wholly  outside  the  earth.  Such  theories,  any  solar  theory, 
for  instance,  must  also  assume  that  those  external  changes,  solar 
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changes,  say,  which  caused  a  marked  lowering  of  terrestrial  tem- 
peratures, occurred  only  at  or  about  the  times  of  mountain  build- 
ing. That  is.  they  must  assume  that  either  (a)  the  solar  changes 
caused  the  mountain  building,  or  (b)  that  mountain  building 
caused  the  solar  changes,  or,  finally  (c)  that  both  had  some  un- 
known but  simultaneously  acting  common  cause.  But  each  of 
these  assumptions  is  wholly  untenable — it  has  no  support  what- 
ever in  the  logic  of  cause  and  effect — and,  therefore,  it  seems 
that  any  theor}-  that  implicitly  or  otherwise  is  definitely  hung  on 
the  honis  of  this  dilemma,  as  is  every  cosmical  ice-age  theory, 
nebular,  or  what  not,  must  itself  be  abandoned. 

This  is  not  intended  in  the  least  to  deny  or  even  to  question 
the  existence  of  small  solar  changes  of  comparatively  short  dura- 
tion, but  only  to  emphasize  the  fact  that  phenomena  within  the 
earth  itself  suffice  to  modify  its  own  climate,  and  that  there  is 
much  and  accumulating  evidence  that  these  and  these  alone  have 
actually  caused  great  changes  time  and  again  in  the  geologic 
past:  done  so  by  building  mountains,  and  by  tearing  them  down; 
by  emerging  continents,  and  by  submerging  them ;  by  restricting 
ocean  currents,  and  by  making  wide  their  paths — actions  no  doubt 
frequently  accompanied  by  atmospheres  at  times  heavily  charged 
with  the  dust  from  violent  volcanic  activity  and  at  other  times 
cleared  of  foreign  substances. 

CONCLUSION. 

It  appears  from  various  considerations  that,  with  a  constant 
or  nearly  constant  output  of  solar  energy,  the  earth  itself  pos- 
sesses the  inherent  ability  to  profoundly  modify  its  own  climates, 
whether  only  local  or  world-wide.  Thus,  a  mere  change  in  land 
elevation,  whether  of  plateau  or  of  mountain  range,  a  thing 
that  appears  often  to  have  happened,  must  alter  both  the  local  and 
the  leeward  climates,  and,  by  reducing  the  general  humidity,  some- 
what lower  the  average  temperature.  Besides,  a  change  in  land 
elevation  of  any  considerable  extent  is  pretty  certain  to  be  accom- 
panied by  a  somewhat  corresponding  variation  in  continental 
area,  and  such  modification  of  shore  lines  and  ocean  beds  that 
greater  or  less  changes  must  follow  in  the  directions,  tempera- 
tures, and  magnitudes  of  ocean  currents,  in  the  location  and  in- 
tensity of  permanent  "  highs "  and  permanent  "  lows,"  in  the 
direction,  force  and  temperature  of  local  winds,  in  the  amount 
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and  kind  of  local  precipitation,  and  in  a  host  of  other  meteoro- 
logical phenomena. 

Again,  as  the  laws  of  radiation  indicate  must  be  true,  and  as 
observations,  at  least  back  to  1750,  the  date  of  the  earliest  reli- 
able records,  show,  the  temperature  of  the  lower  atmosphere  de- 
pends in  part  upon  the  amount  of  dust  in  the  upper  air,  in  the 
sense  that  when  this  amount  is  great  the  average  temperature  at 
the  surface  of  the  earth  is  below  normal,  and  when  the  dust  is 
absent  this  temperature  is  comparatively  high.  Hence,  as  there 
appear  to  have  been  several  periods  of  great  volcanic  activity  in 
the  past  with  intervening  periods  of  volcanic  quiescence,  it  is 
inferred  that  volcanic  dust  in  the  upper  atmosphere  was  at  least 
one  important  factor  in  some,  if  not  all,  of  the  great  and  uni- 
versal climatic  changes  that  have  left  their  records  in  abandoned 
beaches  and  forsaken  moraines. 

How  these  various  causes  of  climatic  changes  were  related 
to  each  other  during  the  geologic  past  is  not  yet  entirely  clear. 
This  the  geologist,  most  interested  and  most  competent  to  judge. 
must  determine.  May  it  be  that  extensive  upheavals  and  great 
volcanic  activity  often  were  synchronous?  If  so,  the  climatic 
effects  of  each  obviously  were  added  to  those  of  the  other,  and 
hence  it  may  be  that  the  greatest  of  our  past  climatic  changes  were 
caused  by  the  roughly  synchronous  variations  in  continental  level 
and  volcanic  activity;  universal  cold  periods  coming  with  increase 
in  vulcanism,  increase  in  elevation  and  the  obstruction  of  inter- 
zonal oceanic  circulation;  universal  mild  periods  when  volcanic 
dust  seldom  veiled  the  skies,  when  the  continents  had  sunk  or  been 
eroded  to  low  -levels  and  when  there  was  great  freedom  of 
oceanic  circulation  froni  equatorial  to  polar  regions;  mild  uni- 
versal climatic  oscillations  with  temporary  changes  in  vul- 
canism; and  mere  local  climatic  changes  with  variations  in  such 
local  climatic  controls  as  near-by  elevations  and  neighboring  ocean 
currents.  Finally,  as  the  past  is  the  pledge  of  the  future,  it  is  but 
reasonable  to  suppose  that  the  world  is  yet  to  know  many  another 
climatic  change,  in  an  irregular  but  well-nigh  endless  series, 
often  local  and  usually  slight,  though  always  important,  but  occa- 
sionally, it  may  be,  as  in  the  ages  gone — whether  towards  the 
auspiciously  genial  or  into  the  fate  fully  disastrous — universal, 
profound  and  momentous. 
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ANNUAL  REPORT   OF  THE  DIRECTOR  OF  THE  BUREAU 
OF  STANDARDS." 

[abstract.] 

A  REVIEW  of  the  work  of  the  National  Bureau  of  Standards 
for  the  year  ended  June  30,  1919,  is  given  in  the  Annual  Report 
of  the  Director  of  the  Bureau  of  Standards  at  Washington.  The 
report  describes  the  functions  of  the  Bureau  in  connection  with 
standards  and  standardization,  and  contains  a  chart  and  descrip- 
tion of  the  several  classes  of  standards  dealt  with.  The  Director 
also  gives  a  clear  idea  of  the  relation  of  the  Bureau's  work  to  the 
general  public,  to  the  industries,  and  to  the  Government,  and  in- 
cludes a  special  statement  of  the  military  work  of  the  year.  Brief 
statements  are  made  upon  practically  all  of  the  special  researches 
and  lines  of  testing  completed  or  under  way  at  the  Bureau.  The 
list  of  these  topics  occupies  12  pages  in  the  table  of  contents. 

The  Bureau  is  organized  in  64  scientific  and  technical  sections 
and  20  clerical,  construction,  and  operative  sections.  During  the 
year  the  Bureau  has  issued  51  publications,  not  including  reprint- 
ings,  36  of  which  were  new  and  15  revisions  of  previous  publica- 
tions. In  the  several  laboratories  of  the  Bureau  more  than  131,000 
tests  were  made  during  the  year.  The  appropriations  for  the 
year,  including  special  funds  for  war  investigations,  were  ap- 
proximately $3,000,000.  A  noteworthy  event  of  the  year  included 
the  completion  of  the  industrial  laboratory  in  which  will  be  housed 
the  divisions  having  to  do  with  researches  and  tests  of  structural 
materials.  The  building  also  includes  a  commodious  kiln  house 
for  use,  among  other  purposes,  of  the  ceramics  division  in  the  ex- 
perimental production  of  new  clay  products  and  for  general  ex- 
perimental purposes. 

The  report  comprises  293  pages  and  may  be  obtained  as  long 
as  free  copies  are  available  by  addressing  the  Bureau  of  Stand- 
ards, Washington,  D.  C. 

*  Communicated  Ijy  the  Director. 
'  Miscellaneous  Publication  No.  40. 
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SPECIFICATIONS  FOR  THE  MANUFACTURE  AND  INSTALLA- 
TION OF  RAILROAD  TRACK  SCALES.' 

[abstract.] 

The  active  cooperation  between  the  Bureau  of  Standards,  the 
Railroad  Administration,  the  State  of  Minnesota,  the  American 
Railroad  Association,  the  American  Railway  Engineering  Asso- 
ciation, the  Scale  Manufacturers'  Association,  and  the  National 
Scale  Men's  Association,  has  resulted  in  new  standard  specifica- 
tions for  railroad  track  scales  which  are  satisfactory  to 
all  concerned. 

The  private  purchaser  is  now  in  a  position  to  secure  authori- 
tative information  on  what  he  should  buy  and  is  enabled  to  know 
what  he  is  getting.  Adequate  standardized  scales  for  all  ordinary 
purposes  should,  therefore,  replace  the  needless  multiplicity  of 
designs,  many  of  which  were  inadequate. 

The  subject  has  been  handled  from  a  national  viewpoint.  This 
was  somewhat  difficult  as  conditions  vary  widely  throughout  the 
country,  but  the  value  of  the  completed  work  is  correspondingly 
greater.  What  is  of  particular  importance,  all  interests  have  for 
the  first  time  agreed  on  very  complete  and  detailed  standard  speci- 
fications for  track  scales  which  are  satisfactory  to  all  concerned. 
These  specifications  will,  therefore,  form  the  basis  for  standard- 
izing railroad  track  scales  for  ordinary  weighing  requirements. 

The  provisions  have  been  drawn  to  secure  the  economy  of 
standardized  construction  without  the  detrimental  features  some- 
times associated  with  over-standardization.  The  general  adoption 
of  these  specifications  should  greatly  promote  the  use  of  proper 
scales  and  weighing  facilities  and  at  a  minimum  cost.  This  will 
aid  railroads,  private .  owners,  industries,  and  the  Federal  and 
State  governments  which  have  concerned  themselves  with  this 
important  subject.  The  weighing  of  carload  freight  on  American 
railroads  can  thus  be  greatly  improved  and  brought  to  a  high 
standard  of  practical  efficiency. 

'  Circular  No.  83 
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THE  PROPERTIES  OF  AMERICAN  BOND  CLAYS  AND  THEIR 
USE  IN  GRAPHITE  CRUCIBLES  AND  GLASS  POTS.' 

By  A.  V.  Bleininger. 

[abstract.] 

The  properties  of  American  bond  clays  are  described  in  detail 
and  expressed  through  characteristic  numerical  values  with  special 
reference  to  their  burning  behavior.  It  is  shown  that  materials 
equal  in  quality  to  those  formerly  imported  from  Germany  are 
available  and  that  by  suitable  blending  any  desired  combination 
of  properties  can  be  readily  produced^  The  characteristics  of 
natural  and  artificial  graphite  are  described  and  means  suggested 
for  the  control  of  crucible  mixtures.  The  fact  is  brought  out  that 
the  main  advantage  in  the  use  of  German  glass  pot  clay  consists  in 
its  low  fire  shrinkage  and  suggestions  are  made  for  obtaining  sim- 
ilar conditions  with  the  use  of  domestic  materials  and  with 
increased  resistance  to  corrosion.  The  compositions  and  the  prepa- 
ration of  semi-porcelain  and  porcelain  glass  pots  are  given.  The 
method  of  casting  glass  pots  as  practiced  at  the  Pittsburgh  labora- 
torv  of  the  Bureau  of  Standards  is  also  described. 


RECOMMENDED  SPECIFICATION  FOR  BASIC  CARBONATE.^ 

[abstract.] 

This  specification  was  prepared  and  recommended  by  the 
U.  S.  Interdepartmental  Committee  on  Paint  Specification 
Standardization,  August  ii,  1919.  This  committee  w^as  appointed 
at  the  suggestion  of  the  Secretary  of  Commerce,  and  consisted  of 
representatives  of  the  War,  Navy,  Agriculture,  Interior,  Post 
Ofiice,  Treasury,  and  Commerce  Departments,  the  Railroad  Ad- 
ministration, the  Panama  Canal,  and  the  Educational  Bureau  of 
the  Paint  Manufacturers'  Association  of  the  United  States.  The 
committee  submitted  a  preliminary  draft  of  this  specification  to  a 
number  of  representatives  of  the  paint  and  varnish  industry,  in- 
cluding all  of  the  large  manufacturers  of  white  lead,  and  gave 
careful  consideration  to  the  replies  received  in  time. 

This  specification  gives  chemical  and  physical  requirements 
for  dry  basic  carbonate  white  lead  and  basic  carbonate  white  lead 
ground  to  a  paste  in  linseed  oil.  Methods  of  sampling  and  meth- 
ods of  testing  both  dry  pigment  and  paste  are  made  part  of  the 
specification.    For  details  the  original  should  be  consulted. 

'Technical  Paper  144. 
*  Circular  No.  84. 
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Relative  Contribution  of  the  Staple  Commodities  to  the 
National  Food  Consumption.  Raymond  Pearl.  {Proceedings 
of  the  American  Philosophical  Society,  1919,  Iviii,  182-222.) — 
Over  one-half  of  the  protein  eaten  by  the  American  people  is  con- 
tained in  animal  foods  other  than  fish ;  36  per  cent,  of  the  protein 
ingested  is  normally  derived  from  grains  (^including  28  per  cent, 
from  wheat),  26  per  cent,  from  meats,  20  per  cent,  from  dairy  prod- 
ucts, and  approximately  7  per  cent,  from  poultry  and  eggs.  Of 
the  fat  eaten,  51  per  cent,  is  furnished  by  meats  (including  40  per 
cent,  supplied  by  pork  and  its  products),  27  per  cent,  by  dairy  prod- 
ucts, 12  per  cent,  by  oils  and  nuts.  Of  the  carbohydrate  eaten,  56 
per  cent,  is  derived  from  grains,  26  per  cent,  is  taken  as  sugars  ; 
vegetables,  fruits,  and  dairy  products  contribute  smaller  per 
cents  to  the  total.  Grains  supply  35  per  cent,  of  the  energy 
(calories)  in  the  nation's  diet,  meats  22  per  cent.,  dairy  products  15 
per  cent.,  sugars  13  per  cent.,  vegetables  5  per  cent.,  fruits  2  per 
cent.,  poultry  2  per  cent.,  vegetable  oils  and  nuts  5  per  cent.  The 
average  daily  food  consumption  by  an  adult  man  is  114  grammes 
protein,  127  grammes  fat,  and  433  grammes  carbohydrate;  this 
gives  an  average  daily  consumption  of  3424  calories. 

J.  S.  H. 

Application  of  Sanitary  Science  to  the  Great  War  in  the  Zone 
of  the  Army.  Bailey  K.  Ashford.  {Proceedings  of  tJic  Aincrican 
Philosophical  Society,  1919,  Iviii,  317-336.) — Sanitary  science  has 
reduced  the  number  of  deaths  from  disease  in  the  army  during 
war-time.  The  number  of  deaths  per  1000  of  strength  annually 
was:  Civil  War,  65;  Spanish-American  War,  30;  Great  War,  14.8, 
including  12  due  to  epidemic  pneumonia.  Protective  vaccination 
against  typhoid  and  its  congeners  was  so  efficient  that  but  17 
cases  of  typhoid  and  10  cases  of  para-typhoid  developed  in  the  First 
American  Army  of  1,000,000  men  up  to  January  i,  1919-  Admin- 
istration of  a  protective  dose  of  tetanus  antitoxin  to  all  the 
wounded  reduced  the  percentage  of  cases  of  tetanus  (lock-jaw) 
in  the  wounded  from  3.2  per  cent,  in  1914  to  a  small  fraction  of  i 
per  cent,  in  1917.  In  the  trenches  and  the  field,  treatment  of  the 
water  in  a  Lyster  bag  with  hypochlorite  was  used  to  obtain  a  safe 
sui)i)ly  of  drinking  water.  In  open  warfare,  sanitation  was  re- 
duced to  a  mere  shred.  Soakage  pits  were  used  for  disposal  of 
the  urine.  Latrines  were  rendered  fly-])roof.  In  the  trenches 
latrines  for  feces  were  located  in  blind  off-shoots  from  connnuni- 
cating  trenches;  they  were  cither  deep  pits  or  else  provided  with 
buckets  which  were  emptied,  with  the  garbage  from  the  food, 
into  adjacent  shell  holes  at  night.  In  the  back  area,  the  I^ritish 
used  bucket  latrines  for  feces ;  each  bucket  contained  a  small 
amount  of  cresol ;  twice  a  day  20  per  cent,  of  saw-dust  was  added 
to  each  bucket  which  was  then  emptied  into  an  incinerator. 

J.  S.  H. 
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THE  HYDROLYSIS  OF  STIZOLOBIN,  THE  GLOBULIN  OF  THE 
CHINESE  VELVET  BEAN,  STIZOLOBIN  NIVEUM.' 

By  D.  Breese  Jones  and  Carl  O.  Johns. 

[abstract.] 

Stizolobix,  the  globulin  of  the  Chinese  velvet  bean,  was  hy- 
drolyzed  and  the  resulting  amino  acids  determined  quantitatively. 
Glutaminic  acid  was  isolated  directly  as  the  hydrochloride,  and 
the  remaining  amino  acids  separated,  for  the  greater  part,  by  the 
usual  ester  method.  A  modification  of  the  customary  method  for 
the  determination  of  proline  is  described  which  does  not  involve 
the  ester  method.  Aspartic,  and  hydroxy-glutaminic  acids  were 
determined  in  a  separate  hydrolysis  according  to  the  method  of 
H.  D.  Dakin.  A  striking  result  of  the  use  of  this  method  is  the 
extraordinarily  high  percentage  of  aspartic  acid  obtained,  namely, 
9.23  per  cent.,  while  only  5.70  per  cent  was  obtained  from 
the  esters. 

The  following  percentages  of  amino  acids  were  obtained  as  a 
result  of  this  hydrolysis.  Glycine,  1.66;  alanine,  2.41;  valine, 
2.88;  leucine,  9.02;  phenylalaine,  3.10;  aspartic  acid,  9.23;  gluta- 
minic acid.  14.59;  hydroxy-glutaminic  acid,  2.81;  serine,  0.67; 
tyrosine,  6.24;  cystine,  1. 13;  arginine,  7.14;  histidine,  2.27;  lysine; 
8.51  ;  ammonia.  15 5.     The  presence  of  tryptophane  was  shown. 


PHTHALIC  ANHYDRIDE.    II.  THE  MELTING  POINT  OF  PURE 

PHTHALIC  ANHYDRIDE.    THE  SYSTEM:    PHTHALIC 

ANHYDRIDE— PHTHALIC  ACID.' 

By  K.  P.  Monroe. 

[abstract.] 

Very  pure  phthalic  anhydride  was  prepared  by  re-sublimation 
in  vacuo  in  the  presence  of  P2O5.    The  melting  point  was  estab- 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Published  in  the  Journal  of  Biological  Chemistry,  vol.  xl,  No.  2,  Decem- 
ber, 1919. 

'  Published  in  the  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  xi. 
No.  12.  December,  1919,  p.  11 16. 
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lished  as  130.84°,  while  the  eutectic  temperature  of  phthaHc  an- 
hydride and  phthaHc  acid  was  determined  to  be  129.74°.  The 
freezing  point  curves  for  the  system,  phthalic  anhydride-phthalic 
acid,  were  explored  over  the  somewhat  limited  region  of  the  sys- 
tem to  which  the  experimental  method  was  applicable.  By  plotting 
reciprocals  of  absolute  freezing  points  against  logarithms  of  mole 
fractions  of  acid  the  melting  point  of  pure  phthalic  acid,  which 
can  not  be  determined  directly,  was  indicated  to  be  208  ±  2°. 


PHTHALIC  ANHYDRIDE.     III.  THE  SYSTEM:  NAPHTHALENE 
—PHTHALIC   ANHYDRIDE.' 

By  K.  P.  Monroe. 

[abstract.] 

The  freezing  point  curv^es  of  this  system  were  determined  in 
an  apparatus  specially  designed  to  obviate  difficulties  encountered 
in  systems  of  substances  which  sublime  readilyat  the  melting  point. 
Observed  freezing  points  on  one  curve  (naphthalene  as  solid 
phase)  agreed  closely  with  calculated  values  based  upon  the  Schro- 
der-Le  Chatelier  formula;  the  other  curve  (phthalic  anhydride  as 
solid  phase)  was  tested  by  re-casting  this  formula  so  that  the 
molar  heat  of  fusion  of  phthalic  anhydride  could  be  calculated 
from  the  individual  points.  Satisfactory  agreement  was  observed, 
indicating  that  this  curve,  as  well  as  the  former,  conforms  to  the 
law  of  ideal  systems.  The  molar  heat  of  fusion  so  calculated  was 
5480  calories. 

Damage  to  France  During  the  War.  y\N0N.  {Steam,  vol.  xxiii, 
No.  3,  p.  76,  vSepteniber,  1919.) — A  hasty  investigation  since  the 
signing  of  the  armistice  shows  the  total  destruction  in  h'rancc  of 
something  like  500,000  buildings  damaged  and  at  least  250,000  build- 
ing completely  destroyed.  This  destruction  of  liuiidings  is  estimated 
at  $6,000,000,000  by  the  Government  engineers.  The  total  cost  of 
repairing  and  replacing  the  used  or  destroyed  public  works  is  esti- 
mated at  about  $2,000,000,000.  The  Nord  railroad  alone  has  lost 
1 731  bridges  and  338  stations.  It  is  estimated  that  250.000  acres  are 
rendered  uncultivatable  by  the  war.  The  total  damage  in  the  north 
of  iM-ance,  including,  buildings,  agriculture,  industry,  furniture  and 
public  works,  is  estimated  at  aboiU  $1^,000.000.000. 

[ R. 

*  Published  4n  the  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  xi, 
No.  12  December,  1919,  p.  11 19. 
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SENSITIVENESS   OF  EXPLOSIVES  TO   FRICTIONAL  IMPACT. 

By  S.  P.  Howell. 

Many  commercial  explosives  ma}  be  exploded  by  severe  and 
prolonged  friction,  some  being  more  sensitive  than  others  in  this 
regard.  Explosives  containing  potassium  chlorate  are  especially 
likely  to  explode  under  such  conditions.  Tests  to  determine  sen- 
sitivity to  frictional  impact  having  previously  been  made  by  un- 
satisfactory equipment,  a  pendulum  friction  device,  described  in 
Technical  Paper  234,  Bureau  of  Mines,  that  permits  uniformity 
of  execution,  was  designed  and  built.  The  results  of  tests  v^ith 
this  device  on  a  large  number  of  explosives  and  under  varied  con- 
ditions are  given  in  the  publication  noted  above.  They  indicate 
that  the  tests  are  not  too  severe,  since  potassium  chlorate  ex- 
plosives which  failed  to  pass  the  test  exploded  prematurely  in 
commercial  use;  all  explosives  of  this  type  being  extremely  sensi- 
tive to  frictional  impact.  Those  potassium  chlorate  explosives 
that  passed  the  tests  were  rendered  sufficiently  insensitive  to  fric- 
tion by  adding  an  adequate  quantity  of  mineral  oil,  vegetable  oils, 
and  aromatic  nitro  compounds,  or  by  reducing  the  potassium 
chlorate  to  a  small  percentage.  The  sensitiveness  of  such 
explosives  to  friction  is  greatly  increased  by  the  presence  of  pyrite- 
bearing  coal.  Black  blasting  and  ignition  powders,  blasting  gel- 
atin, ammonia  dynamites,  and  organic  nitrate  explosives  are  not 
as  sensitive  to  friction  impact  as  the  nitro-glycerin  and  gela- 
tin dvnamites. 


APPROXIMATE   QUANTITATIVE   MICROSCOPY   OF 
POWDERED   ORES. 

By  Will  H.  Coghill  and  J.  P.  Bonardi. 

In  ascertaining  the  physical  and  chemical  properties  of  any 
given  ore  preparatory  to  prescribing  the  best  method  for  its  con- 
centration, as  many  methods  of  gathering  information  as  are 
feasible  should  be  employed,  so  that  all  significant  properties  may 
be  detected.    Hynes.  while  working  with  one  of  the  writers  sev- 


*  Communicated  by  the  Director. 
Vol.  189,  No.  1129 — 8 


105 


io6  U.  S.  Bureau  of  Mines  Notes.  [J-  F- 1- 

eral  years  ago,  developed  a  method  of  sorting  under  a  reading 
glass,  and  applied  it  to  sized  grains  as  small  as  28  mesh.  In  Tech- 
nical Paper  211,  Bureau  of  Mines,  under  the  title  given  above, 
we  show  how  to  improve  on  Hynes'  method  by  using  an  offset 
device  which  makes  the  counting  of  grains  smaller  than  28  mesh 
much  less  irksome.  A  binocular  microscope  is  preferable  to  the 
monocular  instrument  used  in  the  earlier  methods.  Close  and 
thorough  screen  sizing  is  essential.  The  separate  screen  products 
must  be  washed  and  dried  so  as  to  present  clean  and  bright  mineral 
surfaces.  A  wetting  solution  that  contains  saponin  or  soap  is  best 
for  wet  screening  of  the  finer  sizes,  and  re-screening  may  be  neces- 
sary to  separate  particles  grouped  by  cohesion  and  adhesion.  The 
finer  products  should  be  spread  over  the  microscope  plate  by  the 
use  of  a  fine  sieve.  Orientation  for  each  reading  is  made  by  ad- 
justing the  glass  slide  along  a  ruled  offset.  The  advantages 
claimed  for  the  method  there  described  are  its  low  cost,  rapidity, 
that  it  gives  a  closer  approximation  to  chemical  analysis  than  is 
obtainable  by  the  earlier  methods,  and  serves  as  a  guide  to  the 
metallurgist  in  mill  operations.  A  typical  record  sheet  is  given, 
and  the  method  is  illustrated  by  applying  it  to  the  "grading  up" 
of  molybdenite  concentrates,  followed  by  an  interpretation  of  the 
results  and  their  application  to  this  metallurgical  problem. 


ABATEMENT  OF  CORROSION  IN  CENTRAL  HEATING 
SYSTEMS. 

By  F.  N.  Speller. 

Whether  hot  water  or  steam  is  used  as  the  medium  for  con- 
veying heat  to  the  consumer,  a  heavy  toll  in  upkeep  must  be  faced 
sooner  or  later  if  the  corrosion  of  the  piping  has  not  been  taken 
into  account  in  the  design  of  the  plant.  The  main  source  of  cor- 
rosion has  been  traced  to  dissolved  gases  brought  into  the  sys- 
tem either  with  the  feed  water  for  the  boiler  or  through  leaks 
in  the  return  lines  under  a  pressure  below  that  of  the  atmosphere. 
In  a  recent  paper  by  F.  N.  Speller  and  R.  G.  Knovvland  (Preserva- 
tion of  hot  water  supply  pipes  in  theory  and  practice,  Proc.  Am. 
Soc.  Heat,  and  Vent.  Eng.,  vol  xxiv,  1918,  pp.  217-240)  an  outline 
of  the  fundamental  reactions  of  corrosion  is  given.  It  has  been 
well  established  that  the  factors  which  cause  corrosion  rather  than 
any  commercial  difference  in  the  composition  of  the  pipe,  de- 
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termine  the  rate  of  corrosion,  and  a  considerable  number  of  service 
tests  of  the  corrosion  of  pipe  carrying  hot  water  indicates  practi- 
cally no  difference,  on  the  whole,  among  reputable  makers  of 
wrought  iron  and  steel  pipe.  Pipes  for  hot  water  heating  do  not 
suffer  seriously  if  the  same  water  is  circulated  repeatedly,  but  the 
corrosion  becomes  rapid  if  much  make-up  water  is  added,  espe- 
cially in  districts  where  the  water  is  soft.  In  systems  using  open 
heaters  where  the  water  was  allowed  to  come  to  rest  at  i8o°  F., 
or  higher,  thus  discharging  the  gases,  the  pipes  showed  practically 
no  corrosion  in  lo  years'  service.  In  another  system  a  storage 
tank  filled  with  expanded  steel  lathing  was  used,  practically  all  the 
free  oxygen  was  removed  in  the  tank,  and  in  three  years  there 
was  practically  no  corrosion  in  the  pipes.  The  free  CO2  present  is 
not  removed  by  this  treatment,  hence  it  was  concluded  that  the 
eft'ect  of  COo  in  such  a  system  is  negligible.  In  a  steam  heating 
system  any  non-condensable  gases  in  the  feed  water  are  reab- 
sorbed by  the  condensate  and  may  cause  serious  corrosion,  espe- 
cially along  the  bottom  of  horizontal  lines.  The  gases  may  be 
removed  from  the  feed  water  by  the  use  of  openheaters,  especially 
if  assisted  by  a  steel  sheet.  Air  leakage  in  steam  returns  should 
be  avoided  as  much  as  possible.  Where  exhaust  steam  is  used  a 
coating  of  oil  usually  forms  on  the  inside  of  return  pipes  and  pro- 
tects them.  Corrosion  of  the  blades  of  a  steam  turbine  was  halted 
by  adding  heavy  paraffin  base  oil  to  the  steam  head  of  the  turbine. 
Further  details  as  to  protecting  piping  from  the  harmful  effects  of 
free  oxygen  will  be  found  in  Technical  Paper  236,  U.  S.  Bureau 
of  Mines. 

SAFE  PRACTICE  IN  USING  WIRE  ROPE  IN  MINES. 
By  R.  H.  Kudlich  and  O.  P.  Hood. 

The  essentials  of  good  practice  in  the  use  of  wire  ropes  in 
mining  and  the  reasons  underlying  it  are  given  in  Technical  Paper 
237,  U.  S.  Bureau  of  Mines.  The  statements  in  this  are  so  con- 
densed that  they  cannot  be  abstracted.  The  topics  discussed  are 
size  of  rope,  material,  construction  of  rope,  lay  of  rope,  length  of 
rope,  sheaves  and  drums,  position  of  drums,  idler  sheaves  and 
rollers,  handling  and  storage  of  ropes,  attachment  of  rope,  re- 
newal of  rope-fastenings,  safety  chains,  attachment  of  ropes  on 
slopes,  lubrication  of  ropes,  inspection  of  hoisting  ropes,  rules  for 
discarding  ropes. 
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DANGEROUS  AND  SAFE  PRACTICES  IN  BITUMINOUS 
COAL  MINES. 

By  Edward  Steidle. 

The  use  of  photographs  to  illustrate  safe  and  unsafe  practices 
in  bituminous  coal  mines  was  chosen  as  the  basis  of  Miner's  Cir- 
cular 22,  of  the  U.  S.  Bureau  of  Mines.  The  photographs  were 
made  in  cooperation  with  the  Ellsworth  Collieries  Co.,  Ellsworth, 
Pa.,  and  the  Consolidation  Coal  Co.,  Fairmont,  W.  Va.  Some 
of  the  photographs  show  more  than  one  bad  or  good  practice.  The 
pictorial  method  is  considered  to  be  the  most  effective  one  in  ap- 
pealing to  miners,  especially  those  who  find  difficulty  in  the  use 
of  the  English  language.  In  1907,  out  of  every  1000  employes 
in  coal  mines  in  the  United  States,  4.81  were  killed,  while  in  1916 
3.03  were  killed,  showing  the  effect  of  the  campaign  for  safety 
in  the  mining  industry  which  has  been  carried  on  by  the  Bureau 
of  Mines. 


Concrete  Parts  for  Generators.  C.  M.  Hackett.  (^Gencral 
Electric  Review,  vol.  xxii.  No.  10,  p.  843,  November,  1919.) — With 
our  present  knowledge  of  aggregates,  cement,  water  and  the 
methods  of  combining  them  it  is  possible  to  get  not  only  uniform 
strength  in  all  parts  of  a  concrete  structure  of  large  size  and 
mass,  but  also  to  produce  duplicates  of  that  structure  in  any 
quantity  desired.  This  progress,  combined  with  the  great 
strength  of  the  finished  product,  has  led  to  the  adoption  of  rein- 
forced concrete  for  various  classes  of  work  where  metal  hereto- 
fore has  been  regarded  as  the  only  suitable  material. 

There  are  two  parts  of  large  size,  in  low  speed  vertical  shaft 
electric  generators  of  hydro-electric  installations,  that  with  ad- 
vantage can  be  made  of  reinforced  concrete,  namely,  the  stator 
frame  and  thrust-bearing  support.  The  use  of  concrete  instead 
of  metal  for  these  parts  does  not  involve  any  problems  of  sta- 
bility or  strength  that  cannot  readily  be  solved  by  care  in  design 
and  construction.  Some  of  the  large  alternating  current  gener- 
ators require  stator  frame  and  bearing  su])p()rt-castings  of  enor- 
mous size  that  tax  manufacturing  and  s]ii])iMng  facilities.  The 
economies  to  be  found  in  the  substitution  of  concrete  for  metal 
in  these  parts  lie  chiefly  in  the  lower  cost  of  materials  and  labor, 
reduction  in  shop  expenses,  and  savings  in  freight  and  handling 
charges.  It  appears  also  practicable  to  build  stator  frames  of 
concrete  for  large  size  horizontal  shaft  machines,  using  either  a 
solid  or  si)lit  ring,  as  may  be  desired. 


THE  FRANKLIN  INSTITUTE. 


(Proceedings  of  the  Stated  Meeting  held  Wednesday,  December  17,  1919-) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  December  17,  1919. 
President  Dr.  Walton  Clark  in  the  Chair. 

Additions  to  the  membership  since  last  report,  5. 

Reports  of  progress  were  presented  by  the  Committee  on  Library,  and 
the  Committee  on  Science  and  the  Arts. 

The  following  nominations  were  made  for  officers  and  managers  to  be 
voted  for  at  the  annual  election  to  be  held  on  January  21,  1920: 

For  President  (to  serve  one  year),  Walton  Clark. 

For  Vice-President  (to  serve  three  years),  Coleman  Sellers,  Jr.;  (to 
serve  one  j'ear),  Charles  Day. 

For  Treasurer  (to  serve  one  year),  Cyrus  Borgner. 

For  Managers  (to  serve  three  years),  Gellert  Alleman,  G.  H.  Clamer, 
Theobald  F.  Clark,  Walton  Forstall,  Benjamin  Franklin,  Harry  F.  Keller, 
George  D.  Rosengarten,  Wm.  Chattin  Wetherill;  (to  serve  one  year), 
Howard  S.  Graham,  C.  C.  Tutwiler.  The  following  members  were  ap- 
pointed to  act  as  tellers  of  the  election:  Messrs.  W.  N.  Jennings,  Henry  F. 
Colvin,  and  Lucien  E.  Picolet. 

The  President  then  announced  that  the  Philadelphia  Association  of 
Members  of  the  American  Society  of  Civil  Engineers  was  meeting  jointly 
with  the  Institute,  and  requested  Mr.  S.  M.  Swaab,  President,  to  take 
the  chair. 

Brigadier  General  R.  C.  Marshall,  Jr.,  was  prevented  from  attending 
the  meeting  because  of  serious  illness  in  his  family,  and  his  paper  on 
"  The  Construction  Division  of  the  Army  "  was  read  by  Colonel  G.  R. 
Solomon,  Chief  of  the  Engineering  Branch  of  the  Construction  Division, 
U.  S.  Army,  War  Department,  Washington,  D.  C.  An  account  was  given 
of  the  work  of  providing-  camps  and  cantonments  in  the  various  parts  of 
the  country  for  the  citizen  soldiery  called  to  the  Colors  soon  after  the  entry 
of  the  United  States  into  the  World  War.  In  addition  to  housing  accom- 
modations for  more  than  two  million  men,  the  Construction  Division  built 
arsenals,  storage  depots,  industrial  plants,  gas  plants,  proving  grounds,  etc., 
for  the  Ordnance  Department;  hospitals  with  a  capacity  of  more  than  one 
hundred  and  twenty-one  thousand  beds  for  the  Medical  Department;  huge 
storage  depots  and  port  terminals  at  several  points  along  the  Atlantic  Coast  for 
the  Quartermaster  Department;  warehouses  and  flying  fields  for  the 
Signal  Corps;  mechanical  repair  shops  for  the  Motor  Transport  Corps; 
and  embarkation  and  debarkation  facilities  for  the  Transportation  Service. 
The  water   supply  for  the  various  camps  presented  a  serious   problem, 
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and  it  was  necessary  to  install  275  different  water  supply  systems,  involv- 
ing the  construction  of  1 100  miles  of  pipe,  from  6  to  30  inches  in  diameter; 
700  miles  of  service  pipe,  ^  to  2  inches  in  diameter,  with  a  combined 
pumping  capacity  of  650,000,000  gallons  per  day;  filter  plants  were  built 
having  a  capacity  of  40,000,000  gallons.  The  construction  projects  under- 
taken for  the  Ordnance  Department,  embracing  many  new  problems  of 
construction  and  manufacture,  plant  layouts  and  shop  arrangements  were 
also  described.  There  were  60  of  these  projects,  costing  a  total  of 
$175,000,000.  The  subject  was  illustrated  by  lantern  slides,  photographs, 
diagrams,  plans  and  drawings,  many  of  these  being  loaned  by  Lieutenant 
Colonel  E.  B.  Morden,  U.  S.  A.,  the  Constructing  Quartermaster,  at  Phila- 
delphia, the  officer  in  charge  of  the  construction  of  the  U.  S.  Army  Supply 
Base  at  Greenwich  Point,  Philadelphia.  A  discussion  followed  the  reading 
of  the  paper,  in  which  Lieutenant  Colonel  Morden,  Mr.  Henderson,  Mr. 
Penrose,  and  others  participated.  On  the  motion  of  Mr.  Henderson,  duly 
seconded,  it  was  directed  that  the  meeting  express  its  regrets  at  the  absence 
of  General  Marshall,  and  that  its  thanks  be  extended  to  Colonel  Solomon. 
Adjourned. 

R.  B.  Owens. 

Secretary. 

COMMITTEE   ON    SCIENCE   AND    THE    ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting  held  IVediiesday, 
December  3,  1919.) 

Hall  of  The  Franklin   Institute, 
Philadelphia,  December  3,  1919. 
Mr.  Benjamin  Franklin  in  the  Chair. 

The  following  report  was  presented  for  final  action  : 

No.  2713  :  Kemp  Gas  System.    Edward  Longstreth  Medal  of  Merit  awarded 
jointly  to  William  Wallace  Kemp  and  William  H.  Van  Horn,  both  of 
Baltimore,  Maryland. 
The  following  reports  were  presented  for  first  reading  : 
No.  2731  :  Hydrogenation  of   Oils. 
No.  2740 :  Barker  Wrenchless  Chuck. 

R.  B.  Owens, 

Secretary. 

SECTIONS. 

Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  and 
the  Philadelphia  .Section  of  the  American  Chemical  Society  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  November  13.  igiQ,  at 
8  o'clock.  Mr.  Samuel  S.  Sadtler,  on  behalf  of  the  American  Chemical 
Society,  and  Dr.  Joseph  S.  Hepburn,  on  behalf  of  the  Institute,  presided 
jointly.     The  minutes  of  the  previous  meeting  were  approved. 

E.  V.  McCollum,  Ph.D.,  Professor  of  Bio-Chemistry  in  the  School  of 
Hygiene  and  Public  Health  of  The  Johns  Hopkins  Ihiiversity,  Baltimore, 
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Md..  delivered  a  lecture  on  "  Nutrition  and  Physical  Efficiency."  A 
resume  was  given  of  researches  in  nutrition  conducted  on  animals  during 
the  past  decade,  with  special  reference  to  the  etiology  and  correction  of 
"  deficiency  diseases."  The  dietarj'  habits  of  the  lower  animals  and  man 
in  various  geographical  regions  were  reviewed  in  the  light  of  this  newer 
knowledge;  and  deductions  were  drawn  concerning  those  diets  which 
are  most  satisfactory  for  the  promotion  of  physical  vigor. 

The  paper  was  discussed;  a  rising  vote  of  thanks  was  extended  to 
Dr.  McCollum.  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 

Mining  and  Metallurgical  Section. — A  meeting  of  the  Section  was  held 
on  Thursday  evening,  December  4,  1919,  at  8  o'clock.  Mr.  George  R.  Hen- 
derson in  the  chair.  The  paper  of  the  evening  on  the  "  Destruction  of 
French  Coal  Mines  and  Their  Rehabilitation"  was  presented  by  Mr. 
George  S.  Rice,  Chief  Mining  Engineer,  Bureau  of  Mines,  Department  of 
the  Interior,  Washington,  D.  C. 

It  was  shown  that  the  destruction  of  the  French  coal  mines  in  the 
Xord  and  Pas-de-Calais  district  was  of  two  kinds,  battle  and  systematic, 
systematic  far  exceeding  the  destruction  incident  to  battle. 

The  collieries  wrecked  by  the  Germans  produced,  prior  to  the  war, 
20,000,000  tons  of  coal  per  annum.  French  engineers  estimate  that  it  will 
require  five  years,  on  an  average,  to  place  the  mines  on  an  operating  basis 
and  ten  years  to  recover  their  normal  output.  The  subject  was  illus- 
trated by  lantern  slides  from  photographs  taken  by  the  lecturer,  and  from 
official  photographs  furnished  by  the  French  Government. 

After  a  discussion  of  the  paper  by  Messrs.  Price,  Penrose,  the  chair- 
man and  others,  a  vote  of  thanks  was  extended  to  the  speaker,  and  the 
meeting  adjourned. 

Alfred  Rigling, 
Acting  Secretary. 

Section  of  Physics  and  Chemistry. — A  meeting  of  the  Section  was  held 
on  Thursday  evening,  December  nth,  at  8  o'clock,  in  the  Hall  of  the 
Institute.  Dr.  Harry  F.  Keller  in  the  chair.  The  minutes  of  the  previous 
meeting  were  read  and  approved. 

E.  W.  Dean,  Ph.D.,  Petroleum  Chemist,  U.  S  Bureau  of  Mines, 
Pittsburgh,  Pa.,  delivered  an  illustrated  lecture  on  "  Motor  Fuels."  The 
manufacture  of  gasoline  by  straight  distillation  of  crude  oil,  by  the  crack- 
ing process,  and  by  recovery  from  natural  gas  was  described.  Statistics 
were  given  concerning  the  production,  consumption,  and  marketing  of 
gasoline.  The  modes  of  testing  motor  fuels  and  various  substitutes  for 
gasoline  as  a  fuel  were  described. 

The  paper  was  discussed  by  Drs.  Keller,  Goodspeed  and  Dean,  and 
Messrs.  Tutwiler,  Fulweiler  and  Hicks.  On  motion  of  Dr.  Walter  T. 
Taggart  a  vote  of  thanks  was  extended  to  Dr.  Dean.  The  meeting 
then  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 
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MEMBERSHIP  NOTES. 

ELECTIONS   TO   MEMBERSHIP. 

{Stated  Meeting,  Board  of  Miuiagers,  December  lo.  1919.) 

RESIDENT. 

Dr.  Hiram  S.  Lukens,  Chemist,  Harrison  Laboratory,  University  of  Pennsyl- 
vania,  Thirty-fourth   and    Spruce    Streets,    Philadelphia,    Pennsylvania. 

NON-RESIDENT. 

Mr.  James  D.  Lee,  in  charge  of  Technical  Publicity,  Westinghouse  Lamp 
Company,  Bloomfield,  New  Jersey. 

Mr.  W.  L  Ohmer,  President,  Recording  and  Computing  Machines  Co.,  Day- 
ton, Ohio. 

Mr.  Lewis  K.  Sillcox,  Mechanical  and  Electrical  Engineer,  169  Twenty-sixth 
Street,  Milwaukee,  Wisconsin. 

Dr.  R.  B.  von  KleinSmid,  President,  University  of  Arizona,  Tucson,  Arizona. 

CHANGES   OF   ADDRESS. 

Mr.  C.  O.  Billow,  416  West  Grand  Avenue,  Chicago,  Illinois. 

Dr.  Gebhart  Bumcke,  in  care  of  National  Oil  Products  Co.,  Essex  and  Front 
Streets,  Harrison,  New  Jersey. 

Mr.  James  H.  Dawes,  3300  Arch  Street,  Philadelphia,  Pennsylvania. 

Mr.  J.  M.  DivEN,  Secretary,  American  Water  Works  Association,  153  West 
Seventy-first  Street,  New  York  City,  New  York. 

Major  Thomas  H.  Griest,  1631  Arch  Street,  Philadelphia,  Pennsylvania. 

Mr.  R.  K.  Honaman,  Development  and  Research  Department,  American  Tele- 
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The   Analysis   of    Minerals    and    Ores    of    the    Rarer    Elements.       For 
Analytical  Chemists  and  Advanced  Students.     By  W.  R.  Schoeller, 
Ph.D.,    and   A.    R.    Powell.      234    pages,    contents    and    indexes,    8vo. 
London,  Chas.  Griffin  &  Co.;  Philadelphia,  J.  B.  Lippincott  Co.    $5.00. 
Interpreting  the  term  "  rarer  "  in  a  somewhat  wider  sense  than  that 
used  in  older  chemistry,  this  work  gives  a  valuable  summary  of  the  proc- 
esses   for    over    two    dozen    metals,    ranging    from    such    comparatively 
common   ones   as   lithium,   molybdenuin   and   platinum,   to   the   very   rare 
cerium  associates,   and   indium,   gallium   and   radium.     The   improvement 
of  methods   of   detection   and   separation,  and  the    systematic   search   for 
these  less  common  elements  has  brought  to  light  many  sources  formerly 
unsuspected,   and  the  special  properties  of  some   of   them   have  brought 
them  from  brief  allusions  in  text-books  and  reference  works  to  important 
products  of  the  industrial  world  and  research  laboratory. 

As  the  authors  state,  only  the  rarest  elements  are  yet  without  prac- 
tical use,  some  supposed  to  be  of  very  restricted  occurrence  have  been 
found  widely  distributed,  while  others  again  have  been  of  late  years 
obtainable  from  local  deposits  of  considerable  extent. 

The  text-book  methods  of  detection  and  separation  of  these  elements 
belong  in  many  cases  to  the  science  of  fifty  years  or  more  ago,  but  the 
process  of  research  in  the  hands  of  specialists,  and  the  invention  of  new 
methods  of  investigation  have  brought  about  great  changes,  and  it  is  the 
purpose  of  this  volume  to  present  the  present-day  procedures  for  the 
entire  series.  The  book  is  packed  with  interesting  and  valuable  informa- 
tion, much  of  which  is  presented  in  a  condensed  tabular  form.  The  spe- 
cial methods  of  research,  e.g.,  spectroscopic  and  electroscopic,  are 
described  in  detail,  and  it  is  interesting  to  note  that  the  electroscope  advised 
for  radium  determinations  is  taken  from  bulletin  104  of  the  United  States 
Bureau  of  Mines.  The  metric  system  is  used  throughout,  and  the  more 
advanced  nomenclature  for  salts,  although,  as  miglit  be  expected  in  a 
Work  of  British  provenance,  the  final  "  e  "  is  retained  in  such  words  as 
"  chloride."  The  ordinary  unit  of  weight  is  written  "  grm."  and  cubic 
centimetre  is  abbreviated  to  c.c,  both  of  which  forms  are  commendable. 
In  looking  over  the  procedures,  many  of  which  are  very  complex,  the 
thought  occurs  to  the  reviewer  that  before  long,  the  optical  methods  now 
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attracting  so  much  attention  in  mineralogy  and  organic  chemistry  will 
soon  be  applied  to  the  field  covered  by  this  work,  and  give  chemists  valu- 
able new  methods  of  detecting  and  distinguishing  between  otherwise 
closely  allied  elements.  Under  thorium  no  reference  is  made  to  meso- 
thorium,  the  importance  of  which  would  seem  to  justify  at  least  a 
brief  notice.  Praseodymium  and  neodymium  receive  very  brief  notice  also. 
The  book  is  excellently  printed  on  good  paper  and  the  text  is  clear 
and  carefully  proof-read. 

Henry  Leffmann. 

Notion s  Fondamentales  de  Chimie  Organique.   By  Charles  Moureu,  member 

of  the  Institute.    Sixth  edition,  552  pages,  index  and  prefaces,  8vo.    Paris, 

Gauthier-\'illars,   1919.     Price,  24  francs,  net. 

A  previous  edition  of  this  work  was  reviewed  in  this  journal  a  few  years 
ago,  but  the  present  issue  is  larger  by  nearly  fifty  per  cent.  It  is  wholly 
a  treatise  on  fundamental  theories  of  the  structure  of  organic  bodies,  practically 
no  descriptive  matter  being  given.  A  very  large  amount  of  information  is 
furnished,  and  all  the  important  theories  are  vividly  and  concisely  pre- 
sented. The  printing  and  paper  are  of  good  quality ;  the  type,  though 
small,  is  easily  read.  The  vast  field  of  organic  chemistry  has  been  culled 
with  judgment  so  as  to  compress  within  a  convenient  volume  an  introduction 
to  the  present-day  theories  that  will  be  a  guide  to  students  and  teachers. 
For  the  author's  zeal  and  industry  high  praise  must  be  given,  but  some  features 
of  the  book  require  animadversion.  The  continued  use  by  French  chemists 
of  the  superiors  instead  of  inferiors  for  the  exponents  in  formulas  has  now 
no  justification,  and  leads  the  reviewer  to  a  suspicion  that,  as  straws  show 
which  way  the  wind  blows,  some  of  the  exceptional  methods  of  French 
chemists  indicate  that  if  ever  there  is  a  league  of  nations,  France  will  be  a 
rather  cantankerous  member  thereof.  The  equals  sign  is  used  always  for  reac- 
tions, instead  of  the  arrow  now  generally  preferred  by  chemists.  The  most 
serious  of  the  infractions  of  the  international  rules  is  in  the  writing  of  the 
structural  formulas  of  the  cyclic  compounds.  The  benzene  hexagon  is  always 
written  by  our  author  with  CH  groups  attached  to  the  angles.  Now  Kekule 
stated  (A)i}j.  Chem.  Phann.,  1866,  v.  cxxxvii,  p.  129)  that  the  plain  hexagon 
stands  for  the  whole  molecule,  CeHo,  of  benzene.  This  plan  has  been  adopted 
by  all  careful  writers  in  the  field,  and  it  is  to  be  regretted  that  so  excellent 
a  work  is  marred  by  such  a  departure  from  a  reasonable  custom.  Notice 
should  also  be  made  of  such  terms  as  "  cetone  "  and  "  cetose."  There  seems 
to  the  reviewer  to  be  no  good  reason  for  not  using  "  k "  as  the  initial  in 
these  words,  for,  though  the  letter  itself  is  not  an  inherent  member  of  the 
French  alphabet,  its  sound  is  very  frequent  in  the  language  and  no  person 
sufficiently  educated  to  use  this  book  can  be  unacquainted  with  the  symbol 
and  its  pronunciation. 

The  work  is  very  easy  reading,  very  comprehensive  and,  in  its  presenta- 
tion of  the  great  theories  of  organic  chemistry,  up  to  date.  An  interesting 
summary  is  given  on  Gomberg's  work  on  the  so-called  trivalent  carbon. 

Henry  Leffmann 
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The  Petroleum  Handbook.     A  practical  reference  book.     By  S.  O.  Andros, 

A.B.,    B.Sc,    E.M.     Chicago,    Shaw    Publishing    Company,    i6mo.     Price, 

$2.00.  net. 

This  compact  and  neatly  printed  pocket  volume  contains  a  large  amount  of 
interesting  and  important  information  on  petroleum,  a  material  now  looming 
more  than  ever  in  the  world's  afifairs,  and  not  at  all  unlikely  to  become  the 
principal  cause  of  the  next  great  war.  The  work  is  divided  into  eight  chapters, 
covering  the  following  subjects:  "Natural  History  of  Petroleum,"  "Explora- 
tion and  Drilling,"  "  Preparation  for  Market,"  "  Natural  Gas  and  Gasoline," 
"  Shale  Oil  Production,"  "  Marketing  of  Petroleum  and  Products,"  "  Legal 
Regulations,"  "  Economic  Applications."  The  author  states  that  this  last 
chapter  contains  information  not  to  be  found  in  any  other  publication. 

To  the  general  reader  one  of  the  most  interesting  features  is  the  graphic 
presentation  of  the  world's  production  of  petroleum  and  the  proportion  con- 
tributed from  different  nations.  From  this  we  find  that  in  1917,  the  United 
States  contributed  two-thirds  of  the  total  production  and  Russia  stood  next 
with  nearly  14  per  cent.  The  production  from  1857  to  1917,  both  inclusive, 
was  nearly  7,000,000,000  barrels  of  42  gallons  each  (a  little  less  than  936 
million  metric  tons),  of  which  nearly  61  per  cent,  came  from  the  United  States 
and  a  little  over  26  per  cent,  from  Russia.  The  importance  of  Russia  in  the 
present  fuel  situation  is  thus  shown.  For  1917  the  approximate  yield  in  the 
higher  proportions  are :  United  States,  66  per  cent. ;  Russia,  13.6  per  cent. ;  and 
Mexico,  10.9  per  cent.  The  lower  Russian  yield  is  in  all  probability  due  to  its 
disordered  state.  During  1917  the  largest  yields  in  the  United  States  were 
from  the  Oklahoma  and  California  fields. 

Henry  Leffmann. 

National  Advisory  Committee  for  Aeronautics.  Bulletin  No.  49.  Meter- 
ing Characteristics  of  Carburetors.  55  pages,  illustrations,  plates,  tables, 
quarto.  Washington,  Government  Printing  Office,  1919. 
This  report,  prepared  by  Percival  S.  Tice  and  H.  C.  Dickinson,  of  the 
Bureau  of  Standards,  presents  the  results  of  investigations  conducted  for 
the  Committee  by  the  Bureau.  A  description  is  given  of  the  carburetor 
testing-equipment  constructed  by  the  Bureau  of  Standards  for  the  con- 
venient and  accurate  observation  of  carburetor  performances  alone,  unaf- 
fected by  engine  characteristics.  This  apparatus  permits  the  testing  of 
carburetors  and  their  elements  at  widely  varying  air  pressures  and  tem- 
peratures, for  both  steady  and  controlled  pulsating  flow.  Fuel  quantities 
are  determined  by  weight  and  air  quantities  by  an  included  orifice  meter. 
Results  are  given  of  experiments  to  determine  the  effects  of  varying 
the  diameter,  length,  and  form  of  entrance  of  metering  passages,  as  well 
as  of  fluidity  change  with  temperature.  Under  the  title  "  Characteristics 
of  Air  Flow  in  Carburetors,"  the  results  of  experimental  dimensions  of 
the  coefficient  discharge  for  various  types  of  carburetor  air  metering 
passages  are  discussed.  The  next  subject  considered  is  the  "  Effect  of 
Pulsating  Air  I>Mow  in  Carburetors,"  giving  the  results  of  experimental 
determinations  of  the  effect  of  pulsating  air  flow  upon  the  metering  cliaracteris- 
tics  of  two  carburetors  embodying  widely  different  metering  methods. 
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Part  \'  is  devoted  to  a  discussion  of  the  theoretical  and  experimental 
mixture  proportioning  characteristics  of  carburetors  as  applied  to  air- 
craft service,  also  of  the  mixture  ratios  for  optimum  engine  performance. 
The  altitude  and  throttle  compensation  characteristics  experimentally 
determined  for  five  carburetors  are  studied  and  a  new  type  is  shown  which 
possesses  nearly  complete  altimetric  compensation.  The  concluding  part 
of  the  pamphlet  discusses  means  for  securing  correct  altimetric  and 
throttle  compensation.  Copies  of  this  Bulletin  may  be  obtained  from 
the  Committee. 
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Carbo-Coal.  Axon.  (Steam,  vol.  xxiii.  No.  3,  p.  62,  Septem- 
ber, 1919. ) — By  a  new  process  of  low  temperature  distillation,  bitu- 
minous coal  is  treated  in  such  a  manner  as  to  recover  great  quantities 
of  valuable  by-products,  such  as  toluol,  sulphate  of  ammonia  and 
valuable  oils.  From  the  residue  is  made  a  valuable  smokeless  fuel, 
of  the  form  of  briquettes.  Tests  of  "  Carbo-coal  "  by  the  Navy  dis- 
close that  it  contains  less  than  4  per  cent,  volatile  matter,  rendering  it 
practically  smokeless.  Moreover,  it  is  found  to  work  satisfactorily 
where  there  is  limited  grate  area  and  restricted  boiler  capacitv. 

'  R. 
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New  Method  of  Dehydrating  Food.  {Am.  Chem.  Soc,  News 
Service  No.  249.) — Meats,  eggs,  vegetables  and  fruits  can  now  be 
dried  in  a  manner  which  preserves  their  original  properties  and  nutri- 
tive value  and  still  have  an  appearance  of  freshness  when  prepared 
for  the  table.  Although  in  former  years  there  were  dried  fruits  and 
vegetables  that  had  a  fine  appearance,  it  was  often  found  that  they 
had  been  treated  with  sulfites  and  other  materials,  the  use  of  which 
had  been  questioned  by  food  experts. 

Dr.  K.  George  Falk,  of  the  Harriman  Research  Laboratory, 
Roosevelt  Hospital,  New  York,  N.  Y.,  explained  the  new  methods 
in  an  address  before  the  New  York  Section  of  the  American  Chemi- 
cal Society,  of  which  he  is  a  member.  He  announced  that,  following 
the  experimental  stage  in  this  process,  meats  and  vegetables  had  been 
thoroughly  dried  in  the  Industrial  Chemistry  Laboratory  of  Colum- 
bia University  under  the  supervision  of  Professor  Ralph  H.  McKee 
and  had  been  shipped  to  different  parts  of  the  world,  where  they 
have  been  used  with  success.  One  consignment  of  the  meat  dried 
in  this  manner  gave  great  satisfaction  in  Armenia,  where  it  was  dis- 
tributed by  the  Near  East  Relief  Fund.  Other  products  of  the 
new  dehydration  process  had  been  taken  to  distant  parts  of  the 
world  by  exploring  parties  and  had  been  found  to  answer  all 
the  requirements. 

Dr.  Falk  said  that  from  these  meats  and  other  foods  which  were 
dried  in  a  vacuum  delicious  dishes  could  be  made,  the  taste  of  which 
would  commend  them  to  any  housewife.  From  the  dried  meat,  savory 
stews  and  hashes  are  made,  while  the  vegetables  which  may  be 
incorporated  with  the  meat  have  as  fine  a  flavor  as  if  they  had  only 
recently  come  from  the  garden. 

It  would  be  possible  by  means  of  this  process  to  dry  beef  in 
vacuum  ovens  in  parts  of  the  earth  where  cattle  may  be  raised  very 
cheaply,  as  in  Argentina,  and  to  transport  the  dried  product  for  many 
thousands  of  miles  at  very  low  freight  cost.  As  canned  fruits  con- 
tain considerable  moisture  and  are  placed  in  metal  containers,  the 
advantages  of  the  vacuum-dried  i)roducts  become  manifest,  according 
to  the  view  of  Dr.  Falk. 

"  Transportation,"  said  he,  "  has  always  been  a  question  of  vital 
importance.  .Ships  and  other  common  carriers  are  always  at  a 
premium  and  again  certain  kinds  of  food  require  special  equipment, 
such  as  cold  storage.  For  example,  the  plentiful  supply  of  sheep  in 
Now  Zealand  might  benefit  the  rest  of  the  world  to  a  greater  extent 
if  more  transportation  facilities  were  available." 

Dr.  Falk  said  thai  usuallv  sun-dried  meals  and  other  foods  wore 
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discolored  and  that  their  nutritive  values  were  impaired.  While 
even  with  fairly  good  methods  of  dehydration  it  would  have  been 
found  necessary  to  use  bleaching  agents,  a  recourse  which  was  not 
required,  according  to  the  process  developed  at  the  Harriman  labora- 
tories. The  incentive  to  develop  this  method  of  preservation  for 
food  products  was  given  early  in  November,  191 /,  by  Colonel  John 
R.  Murlin,  in  charge  of  the  Division  of  Food  and  Nutrition  of  the 
U.  S.  Army,  and  was  developed  by  Dr.  Falk,  Dr.  Edward  M.  Frankel 
and  Professor  Ralph  H.  McKee. 

"  In  the  dehydration  of  meats,"  said  Dr.  Falk,  "  the  temperature 
must  be  kept  below  the  point  at  which  the  proteins  coagulate,  for 
if  there  is  too  low  a  temperature  the  process  of  dehydration  will  be 
unnecessarily  prolonged,  with  the  result  that  often  spoilage  will  occur 
and  the  overhead  cost  will  be  greatly  increased.  It  is  possible  to 
solve  this  problem  of  dehydration  by  the  use  of  a  suitable  vacuum 
drier  in  which  the  meat  or  other  food  product  is  introduced,  in  pieces 
of  suitable  size,  and  kept  in  the  vacuum  at  a  temperature  which  is 
below  that  of  cooking  or  which  makes  no  appreciable  change." 

Dr.  Falk  said  that  a  large  variety  of  foods  had  been  dehydrated 
by  the  vacuum  method  and  that  a  number  of  others  will  probably 
be  subjected  in  time  to  the  same  process.  The  mechanism  used  is  not 
complicated  and  can  be  easily  installed  at  remote  places. 

"  In  considering  food  preservation  methods  in  general,  it  may  be 
stated,"  he  said,  "  that  such  methods  will  come  into  use  more  and 
more."  The  Government  estimated  that  50  per  cent,  of  the  fruits 
and  vegetables  grown  in  this  country  never  reach  the  consumer  as  a 
result  of  poor  transportation  facilities,  irregularities  in  marketing 
or  other  causes.  At  the  same  time,  greatly  because  of  recent  work 
on  such  questions  as  food  hormones,  the  tendency  is  to  use  fresh 
foods  wherever  possible.  The  newer  dehydration  processes  approach 
more  nearly  the  requisite  standards  of  fresh  foods  than  do  the  older 
methods  of  preservation.  The  whole  question  is  in  a  state  of  devel- 
opment. Dehydration  oflfers  the  most  promising  outlook  for  the 
future.  Air  dehydration  marks  a  great  advance  over  the  older 
methods  of  food  preservation,  and  it  would  appear  that  vaciuim  de- 
hydration possesses  in  its  turn  advantages  over  air  dehydration. 

Fixed  Oils  Production  in  the  United  States. — The  fatty  oils 
are  indispensable  both  in  food  supply  and  in  many  manufacturing 
industries.  They  have  been  the  main  source  of  glycerol,  which 
is  so  important  in  the  explosives  indvtstry,  though  recently  it 
has  been  shown  that  the  fermentation  of  carbohydrates  yield  as  a 
by-product  notable  quantities.  The  subject  is  discussed  in  Bul- 
letin 769  of  the  U.  S.  Department  of  Agriculture,  recently  issued. 
The  sum  total  of  the  world's  supply  of  fats  and  oils  is  less  than 
that  of  either  of  the  other  two  types  of  foods  (carbohydrates  and 
proteins),  hence  a  sudden  drain  is  quickly  noticed.  A  great  war 
creates  such  a  drain,  since  ten  tons  of  fat  are  required  for  the 
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production  of  one  ton  of  glycerol.  The  fatty  acids,  which  are  the 
other  product,  have  no  food  value,  but  are  useful  for  the  manu- 
facture of  soap.  In  England,  at  the  outbreak  of  the  European 
war,  glycerol  rose  quickly  from  $250  to  $1250  a  ton. 

In  the  United  States,  the  use  of  vegetable  oils  is  increasing. 
This  is  due  partly  to  the  application  of  processes  for  making  hard 
fats  from  the  liquid  ones  by  hydrogenation,  and  partly  to  the 
extending  use  of  the  vegetable  oils  as  a  substitute  for  butter.  At 
the  outbreak  of  the  war  in  1914,  Germany  was  probably  the 
worst  prepared  country  in  regard  to  supply  of  fats  and  oils. 
Preparing,  as  the  nation  had  been  along  many  lines  for  self-sus- 
taining, it  had  overlooked  this  particular  supply,  and  probably 
the  British  blockade  hit  the  enemy  harder  in  this  line  than  in 
most  others.  This  fact  calls  attention  to  the  importance  of  a 
nation  developing  its  oil  supply,  and  this  can  be  done  only 
through  agricultural  activity. 

In  normal  times,  the  United  States  produces  nearly  4,000,000,- 
000  pounds  of  fats  and  oils,  exclusive  of  butter-fat,  imports  over 
300,000,000  pounds,  exports  about  1,000,000,000  pounds  and  con- 
sumes nearly  3,500,000,000  pounds.  Including  the  fat  in  the  butter 
and  cheese  made  in  this  country,  the  total  production  of  fats  and  oils 
is  about  30,000,000  tons. 

H.  L. 

Fighting  Forest  Fires  by  Bombs  Impractical.  ( U.  S.  Depart- 
ment of  Agriculture,  Office  of  Information.) — Ingenious  persons 
have  recently  proposed  as  a  method  of  fighting  forest  fires  that 
gas  bombs  be  dropped  from  airplanes.  Ofificials  of  the  Forest 
Service  say  that  this  suggestion  is  entirely  impractical.  There 
is  no  analogy  between  the  suggested  method  and  the  use  of 
poison  gas  bombs  in  fighting,  because  a  fire  can  not  be  "poisoned" 
but  must  be  smothered.  Although  one  part  of  a  poison  gas  to  one 
million  parts  of  air  might  be  sufficient  to  kill  soldiers,  yet  750,000 
parts  of  inert  gas  to  a  million  parts  of  air  probably  would  not 
suffice  to  put  out  a  fire. 

The  only  kind  of  a  gas  which  will  assist  in  stopping  a  fire  is 
an  inert  one  that  will  neither  burn  nor  support  combustion,  such 
as  nitrogen  or  carbon  dioxide. 

From  the  stand])oint  of  cheapness  and  ease  in  handling,  carbon 
dioxide  would  j)r()bably  be  the  most  promising  gas,  were  gas 
bombs  to  be  ex])erinicnted  with  in  forest  fire  fighting.  However, 
as  soon  as  an  attc'm])t  is  made  to  work  out  practical  j^lans  for 
such  an  undertaking,  difiiculties  become  apparent.  If  an  air- 
plane carrying  500  pomids  of  gas  bombs  contain:ng  3(v:)  ])ounds  of 
carbon  dioxide  succeeded  in  dropping  the  bombs  exactly  on  a  fire 
covering  some  700  square  feet,  and  if  the  gas  liberated  did  not 
escape  outside  this  area  or  rise  more  than  10  feet  alxive  the 
gromid,  such  an  attack  would  still  be  far  from  effective.     The  300 
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pounds  of  gas  would  be  equal,  in  volume,  to  about  3000  cubic 
feet,  and  so  the  atmosphere  surrounding  the  fire  would  be  about 
43  per  cent,  carbon  dioxide  and  57  per  cent,  ordinary  air.  Since  the 
air  contains  21  per  cent,  oxygen,  this  mixture  would  contain  21  per 
cent,  of  57  or  12  per  cent,  oxygen — enough  to  support  combustion. 
From  such  facts  Forest  Service  officials  believe  that  effective 
use  of  gas  bombs  for  fire  fighting  in  forests  is  entirely  out  of 
the  question. 

Work  of  the  United  States  Bureau  of  Chemistry  for  the  Last 
Fiscal  Year. — A  preliminary  report  has  been  issued  by  this 
bureau,  giving  some  of  the  more  important  work  done  during 
the  year  ending  June  30,  1919.  The  research  department  was 
considerably  crippled  by  the  assignment  of  many  of  its  workers 
to  war  industries  laboratories,  but  notwithstanding,  more  prose- 
cutions were  brought  than  in  any  previous  year,  and  the  number 
of  publications  by  the  bureau  has  also  exceeded  previous  records. 

Among  the  food  and  drug  adulterations  that  came  to  notice 
are  enumerated :  Slack-filled  cans,  rotten  eggs,  fake  egg  substi- 
tutes, butter  with  excess  water,  common  glue  sold  as  gelatin, 
adulterated  olive  oil,  frozen  oranges,  excess  of  water  in  canned 
tomatoes,  cacao  adulterated  with  cacao  shells.  In  all  1052  seizures 
and  843  criminal  prosecutions  were  brought.  Of  1019  cases  of  all 
kinds  reported  to  the  department  as  terminated  in  the  courts, 
only  three  were  decided  against  the  government.  One  line  of 
investigation  which  occupied  much  of  the  time  of  the  inspection 
force  of  the  bureau  was  the  examination  of  canned  salmon,  which 
included  testing  the  extensive  stocks  held  by  the  government 
before  allowing  it  to  be  sold  to  the  public  at  large.  Much  atten- 
tion has  been  given  to  improving  the  manner  of  packing  and 
transporting  the  more  perishable  foods,  in  connection  with  which 
it  has  been  found  that  the  use  of  100-pound  boxes  for  fish  is  much 
better  than  the  customary  use  of  barrels.  Material  improve- 
ment in  the  classification,  handling  and  packing  of  eggs  has  been 
attained.   The  breakage  in  railroad  transportation  has  been  reduced. 

Methods  of  preserving  food  so  as  to  carry  over  a  plentiful 
supply  into  a  period  of  scarcity  has  been  closely  studied,  espe- 
cially the  methods  of  drying  vegetables  which  promises  well.  A 
valuable  service  was  rendered  in  furnishing  sugar  substitutes  for 
use  in  the  manufacture  of  soft  drinks,  and  some  of  these  substi- 
tutes have  proved  of  such  merit  that  they  will  probably  remain 
in  use. 

The  prevention  of  dust  explosions  in  grain  elevators  and 
flour  mills  has  been  given  much  study  and  a  marked  reduction  in 
this  class  of  disasters  has  been  attained.  The  bureau  reports 
that  corn-cobs,  one  of  the  largest  waste  products  of  farming,  may 
now  be  utilized  for  the  preparation  of  adhesive  gum,  and  a  rare 
sugar,  xylose,  and  processes  for  converting  this  into  useful  mate- 
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rial  have  been  patented  and  published.  Cull  oranges  and  lemons, 
not  suitable  for  marketing  as  fresh  fruit,  have  been  made  to  yield 
several  valuable  products,  among  which  are  citric  acid  and  mar- 
malade. Work  to  improve  existing  methods  of  extracting  starch 
from  cull  and  surplus  potatoes  is  under  way.  The  influence  of 
the  prohibition  movement  seems  to  have  stimulated  the  manu- 
facture of  barley-sugar  or  maltose  and  maltose  syrup,  and  practi- 
cal studies  of  the  means  of  using  maltose  syrup  in  candy  making 
have  been  taken  up  with  encouraging  results  so  far. 

Many  investigations  in  aid  of  standard  industries  have  also 
been  carried  out.   The  complete  report  will  be  awaited  with  interest. 

H.  L. 

A  Rock-crystal  Lens.  H.  D'A.  Power.  (Camera  Craft,  vol. 
xxvi,  No.  II,  p.  421,  November,  1919.) — Some  years  ago  I  had 
occasion  to  take  a  few  portraits  indoors,  exposures  that  I  wished 
to  make  instantaneous,  and  if  possible,  without  the  knowledge 
of  the  subject.  I  naturally  thought  of  using  one  of  the  modern 
lenses  working  at  f/3.6  or  f /4,  but  as  I  already  had  a  Protar  work- 
ing at  f/5-6,  I  did  not  relish  the  prospect  of  expending  the  very 
large  sum  that  the  larger  apertured  lens  would  demand.  Just 
about  that  time  some  work  had  been  done  in  determining  the 
t[uality  of  pictures  yielded  by  infra-red  and  ultra-violet  rays;  the 
latter  precluding  the  use  of  glass  through  which  these  rays  of 
great  actinic  power  cannot  pass.  The  concurrence  of  these  two 
facts  suggested  the  possibility  of  using  a  quartz  spectacle  lens, 
mounted  so  as  to  permit  of  a  very  large  aperture.  By  chance  I 
was  able  to  obtain  a  five-inch  spectacle  lens  of  this  type  with  a 
diameter  of  one  and  a  quarter  inches,  this  making  an  aperture  of 
f/4  practically  possible.  This  was  fixed  in  a  temporary  mount 
and  the  first  experiment  was  a  satisfactory  portrait  made  in  my 
(jffice  with  an  f/4  stop,  and  an  exposure  of  one-sixteenth  of  a 
second.  The  subject  was  placed  at  least  ten  feet  from  a  rather 
high  window,  and  the  lighting  was  that  of  an  average  afternoon. 
( )ther  experiments  followed  with  equally  good  results,  both  in 
portraiture  and  landscape. 

Having  unfortunately  lost  the  lens,  a  second  one  only  pro- 
duced pictures  that  were  marred  by  greatly  inferior  definition. 
I  later  found  that  crystal  or  pebble  lenses,  as  they  are  called  in 
the  trade,  had  jKissed  out  of  use  on  accoimt  of  the  frequency  of 
structural  defects  in  the  material.  But  recently  on  attending  a 
meeting  of  the  State  Medical  Society,  I  was  shown  a  number  of 
very  beautifully  made  crystal  lenses  used  in  the  transmission  of 
violet  rays  for  thera])eutical  purposes.  I  in(|uired  of  the  agent, 
representing  the  Ilanovia  Chemical  and  Manufacturing  Com- 
|)any  of  Newark,  New  Jersey,  as  to  whether  or  not  a  spectacle 
lens  could  be  made  for  me  that  would  be  structurally  flawless  and 
was  assured  that  it  could  be  done.    In  due  time  a  four  and  a  half- 
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inch  focus  lens  with  an  aperture  of  one  and  one-half  inches  came 
to  hand.  The  results  obtained  by  this  lens  were  most  satisfactory 
and  it  seems  to  me  there  is  much  to  be  said  in  favor  of  a  very 
general  use  of  lenses  of  this  type. 

It  will  be  recollected  by  photographers  of  artistic  tendencies 
that  some  years  ago  Major  Puyo  and  other  members  of  the  Paris 
Photo  Club  started  a  movement  for  the  use  of  spectacle  lenses  of  large 
size,  claiming  for  them  the  production  of  better  balanced  images, 
devoid  of  the  harshness  of  the  anastigmat  and  therefore  having  a 
plasticity  of  modeling  that  is  absent  from  most  photographs.  It 
is  an  outgrowth  of  this  movement  that  has  given  us  the  soft 
focus  lens  that  is  now  so  much  in  favor,  but  the  good  soft  focus 
lens  is  a  costly  apparatus ;  ordinary  spectacle  lenses  or,  to  use  the 
correct  term,  simple  non-achromatic  lenses,  have  certain  good 
and  bad  points.  Among  the  former  the  ability  to  transmit  a 
larger  amount  of  light,  owing  to  the  absence  of  reflection  from 
many  surfaces,  and  great  cheapness.  Against  these  are  to  be 
placed  linear  distortion,  which  makes  straight  lines  near  the 
edges  of  the  plate  appear  curved,  and  difference  of  focus  between 
the  image  seen  and  the  image  recorded  on  the  plate,  which  last 
can  be  overcome  only  by  racking  back  after  focusing. 

When,  however,  a  simple  lens  is  made  of  rock  crystal,  this 
graver  defect  is  so  reduced  as  to  be  of  no  importance,  for,  whereas 
the  difference  between  the  visual  and  actinic  of  a  glass  lens  is  as 
much  as  one-fortieth  of  the  focal  length,  the  difference  in  the 
case  of  the  rock-crystal  lens  is  less  than  one-four  hundredth,  and 
this  is  insufffcient  to  make  any  real  difference  in  focusing  neces- 
sary. The  form  of  the  lens  should  be  that  of  a  meniscus  with  the 
convex  surface  turned  toward  the  plate.  The  diaphragm  should 
be  f  laced  well  in  advance  of  the  lens  at  a  distance  of  about  one- 
fourth  of  the  focal  length  and  a  lens  shade  should  be  employed, 
practically  when  working  at  full  aperture. 

Humanity  of  Poisonous  Gas.  Lieut.  Col.  Amos  A.  Fries, 
Corps  of  Engineers,  Chemical  Warfare  Service,  U.  S.  Army,  for- 
merly Brig.  Gen.  and  Chief  of  the  Chemical  Warfare  Service  in 
the  American  Expeditionary  Forces,  France.  (Chemical  Warfare, 
vol.  i,  Nos.  II  and  12,  1919.) — The  first  gas  attack  was  made  by  the 
Germans  at  Ypres  with  chlorine  in  191 5;  the  resulting  death-rate 
was  probably  35  per  cent.  During  the  last  year  of  the  war  the 
death-rate  from  gassing  fell  to  2.5  per  cent,  in  the  British  army, 
despite  an  enormous  increase  in  the  number  of  gas  casualties — 
cases  of  gassing  requiring  medical  treatment.  Thus  the  number 
of  gas  casualties  per  month  increased  during  the  last  sixteen 
months  of  the  war  to  14  times  the  number  during  the  preceding 
year.  The  reduction  in  the  death-rate  was  due  to  development  of 
masks  and  other  methods  of  protection.  The  statistics  of  the 
Surgeon  General's  office,  U.  S.  Army,  covering  all  cases  of  battle 
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casualties  reported  up  to  September  i,  1919,  show  that  23.4  per 
cent,  of  alil  casualties  from  bullets  and  high  explosives  and  1.87  per 
cent,  of  all  casualties  from  gas  resulted  in  death.  Often  a  man 
injured  by  gas  had  12  times  as  many  chances  of  recovery  as  had 
one  wounded  by  bullets  or  high  explosives.  Gassing  did  not 
predispose  to  tuberculosis  nor  open  up  old  tubercular  lesions. 
The  death-rate  is  reduced  solely  by  the  gas-mask  and  training  in 
its  use.  As  new  gases  are  introduced,  the  mask  must  be  improved 
to  protect  against  them. 

Experiments  with  poison  gases  can  be  carried  out  with  per- 
fect safety  in  the  laboratory,  and  on  a  large  scale  in  the  open. 
Light  winds  carry  away  all  poison  gases  except  mustard  gas 
almost  instantly  in  the  open.  While  gases  persist  longest  in 
woods  at  night  in  warm  weather,  yet  they  become  so  diffused 
that  they  are  no  longer  dangerous  after  four  to  six  hours ;  this 
period  is  reduced  to  one  or  two  hours  by  wind  and  sunshine. 
Mustard  gas  may  give  off  poisonous  vapor  for  two  days  in  warm 
dry  weather,  and  for  possibly  two  weeks  in  cold  damp  weather ; 
but  the  vapor  is  carried  only  a  short  distance  by  the  wind.  Poison- 
ous gases  may  be  kept  in  suitable  containers,  including  shells,  for 
at  least  a  year. 

Irritating  gases  irritate  the  nose  and  throat.  Lachrymatory 
gases  produce  a  flow  of  tears.  Both  types  of  gas  require  wearing 
of  a  gas-mask  when  present  in  concentrations  of  i  in  10,000,000, 
and  thereby  reduce  the  efficiency  of  combatant  troops  by  25  to  75 
per  cent.  Gas  is  an  excellent  means  of  eradicating  snipers.  Cloud 
gas  and  that  fired  from  mortars  and  projectors  has  a  short  range, 
about  1.5  miles.  Beyond  that  range,  the  gas  was  fired  in  artillery 
shells.  Gas  warfare  is  humane  and  a  great  insurance  to  the 
safety  of  the  United  States. 

J.  S.  H. 

Graphite  Production. — Bull  10,  U.  S.  Geol.  Sur.,  compiled  by 
H.  G.  Ferguson,  gives  information  as  to  the  amount  of  graphite 
mined  in  the  United  States  during  1918.  The  material  occurs  in 
nature  in  two  forms,  crystalline  and  amorphous  and  each  form 
has  its  special  uses.  The  term  "  crystalline  "  or  "  flake  "  graphite 
is  generally  imderstood  to  mean  specimens  in  which  the  crystal- 
line nature  is  visible  to  the  unassisted  eye,  and,  of  course,  much 
of  the  so-called  "  amorphous  "  material  will  show  crystals  under 
the  microscope.  Crystalline  graphite  occurs  in  veins  or  dis- 
tributed in  flakes  through  the  rocks ;  amorphous  graphite  may 
occur  wherever  coal  or  other  carbonaceous  deposits  have  been 
altered  by  the  action  of  igneous  rocks  or  movements  within  the 
earth's  crust. 

The  bulletin  separates  the  production  of  the  two  forms.  The 
total  production  of  crystalline  graphite  in  1918  was  nearly  6500 
short  tons  valued  at  about  $225  per  ton ;  the  production  of  amor- 
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phous  graphite  in  the  same  period  was  about  the  same  in  quantity, 
but  the  value  was  much  less.  The  bulk  of  the  crystalline  graphite 
came  from  three  states :  Alabama,  which  yielded  about  60  per 
cent. :  New  York,  which  yielded  nearly  30  per  cent.,  and  Penn- 
sylvania, about  10  per  cent. 

Artificial  graphite,  now  a  well-known  product,  is  manufac- 
tured principally  by  the  Acheson  Graphite  Company  from  power 
at  Niagara.  The  output  has  increased  greatly  in  recent  years, 
and  now  forms  an  important  item  in  the  domestic  supply.  It  is 
suitable  for  all  the  purposes  of  the  natural  graphite  except  the 
manufacture  of  large  crucibles,  but,  on  the  other  hand,  it  is  more 
suitable  for  the  manufacture  of  electrodes  which  are  in  great 
demand  and  which  are  not  now  made  from  the  natural  mineral. 
The  production  of  artificial  graphite  for  purposes  in  which  it 
competes  with  the  natural  material,  by  the  Acheson  Company, 
rose  from  about  five  million  pounds  in  191 5  to  nearly  ten  million 
and  a  half  in  191 7.  and  w^as  somewhat  over  nine  million  pounds  in 
1918.  A  small  quantity  of  high-grade  graphite  has  been  ob- 
tained bv  H.  Schmehl,  at  Chester  Springs,  Pa.,  from  old  crucibles. 

H.  L. 

Trinitrotoluene  Poisoning. — The  extensive  use  of  this  explo- 
sive, commonly  termed  T.N.T.,  has  drawn  attention  to  its  sani- 
tary relations.  It  is,  as  might  be  expected,  highly  poisonous, 
whether  taken  directly  or  inhaled  as  dust.  An  investigation  con- 
ducted by  Messrs.  Voegtlin,  Hooper  and  Johnson,  of  the  Hygienic 
Laboratory  of  the  U.  S.  P.  H.  S.  is  published  as  Reprint  534  of 
that  department.  It  w^as  found  that  different  species  of  animals 
exhibit  marked  differences  in  susceptibility  to  the  substance. 
Dogs  and  cats  (probably  also  human  beings)  are  much  more  suscep- 
tible than  white  rats,  guinea-pigs,  and  rabbits.  The  symptoms 
generally  presented  are  cyanosis,  bowel  disturbance,  jaundice  and 
anaemia.  The  condition  is  not  constant,  as  cyanosis,  w^hich  usu- 
ally appears  at  the  beginning  of  the  poisoning  may  disappear 
later.  While  true  immunity  is  not  developed,  it  appears  that 
dogs  (which  w^ere  mostly  used  in  the  experiments)  do  not  suffer 
such  severe  symptoms  in  the  later  stages  of  the  poisoning.  The 
poison  is  principally  eliminated  through  the  kidneys,  but  not  in 
unchanged  form.  Dogs  fed  on  meat  seem  to  have  a  greater  re- 
sistance to  the  substance  than  when  given  only  w^hite  bread 
and  milk. 

Several  methods  of  protection  for  w^orkmen  were  tried.  It 
was  found  that  a  varnish  composed  of  i  part  shellac,  i  part  of 
castor  oil,  and  24  parts  of  95  per  cent,  alcohol  could  be  used  wdth 
satisfaction,  as  when  applied  to  the  skin  of  the  hands  and  arms  it 
dries  to  a  protective  film  that  does  not  peel  off  but  can  readily 
be  removed  by  alcohol.  A  modification  of  this  formula  has  been 
used  for  impregnating  cotton  gloves,  by  which  they  are  rendered 
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efficient  protectors.  At  the  suggestion  of  Dr.  Alice  Hamilton,  a 
number  of  solvents  were  tested  to  determine  their  capacity  to 
remove  the  poison  from  the  skin.  It  was  found  that  a  lo  per 
cent,  solution  of  sodium  hydrosulphite  is  the  best  of  those  tried ; 
the  next  best  is  sodium  sulphite  solution.  It  appears  that  a  cer- 
tain percentage  of  workers  are  abnormally  susceptible,  due  gen- 
erally to  a  very  permeable  skin.  These  should  be  eliminated  from 
the  factory.  The  skin  penetration  is  the  most  usual  method  of 
introduction  of  the  poison,  hence  skin  protection  is  especially  en- 
joined, but  inhalation  is  also  not  to  be  overlooked,  and  this  must 
be  met  by  free  ventilation.  The  American  investigators,  how- 
ever, did  not  find  skin  absorption  to  be  as  promising  a  method  of 
infection  as  did  the  British  investigators.  A  decrease  of  haemo- 
globin is  noticed  early  in  the  poisoning,  and  the  investigators 
recommend  a  supervision  over  the  workers  by  means  of  blood 
tests.  It  would  seem  that  some  simple  form  of  gas-mask  could 
be  used  to  control  the  inhalation  danger. 

H.  L. 

Coal  Mining  Fatalities  in  the  United  States. — That  coal  min- 
ing is  one  of  the  most  important  industries  of  this  country  has 
been  brought  home  to  every  citizen  during  the  past  few  years. 
The  amount  of  coal  produced  now  approaches  closely  to  700,000,- 
000  tons  yearly,  employing  about  760,000  men.  That  it  is  a  labori- 
ous and  dangerous  occupation  is  well  established  by  the  statistics 
of  death  and  injury  published  from  time  to  time.  A  bulletin  pre- 
pared by  A.  H.  Fay  has  just  been  issued  by  the  Bureau  of  Mines, 
giving  the  fatalities  in  the  coal  mines  of  the  United  States  during 
1918.  This  was  a  year  of  somewhat  abnormal  conditions.  The 
demand  for  coal  was  much  increased  over  that  of  previous  years, 
many  of  the  expert  miners  and  supervisors  had  enlisted  or  entered 
into  more  profitable  industries,  and  a  not  inconsiderable  number 
were  drafted.  This  naturally  made  for  a  greater  proportion  of 
accidents  as  many  comparatively  inexpert  men  were  employed, 
but,  on  the  other  hand,  the  more  continuous  operation  of  the 
mines  prevented  accumulation  of  gases  and  in  some  other  ways 
improved  conditions  as  compared  with  mines  operated  only  part 
time.  The  total  fatalities  reported,  including  all  fuel  mining  dur- 
ing the  year  was  2579.  The  non-fatal  injuries  are  not  given  in 
the  bulletin,  but  taking  Pennsylvania  statistics  as  a  guide,  it  may 
be  estimated  that  these  amount  to  at  least  three  times  the  fatal 
accidents,  so  that  the  total  for  the  United  States  will  be  al)out 
ten  thousand  casualties  for  the  year.  There  is  still  to  be  counted 
as  part  of  the  jierils  of  the  industry  the  disease  and  debilitation 
produced,  especially  the  liability  to  tuberculosis,  and  in  some 
mines  to  hook-worm.  No  data  on  these  points  are  at  hand  and 
no  estimate  can  be  made,  but  there  is  little  doubt  that  the  mor- 
l)idity  percentage  will  be  fairly   high.     Pennsylvania  being  the 


Jan..  1920.]  Current  Topics.  129 

only  state  in  which  any  considerable  anthracite  mining  is  carried 
on.  it  is  interesting  to  note  that  in  1916  the  fatalities  and  non- 
fatal accidents  in  that  industry  were  much  higher  than  in  the 
bitumionus  mines  of  the  state.  The  figures  show  that  i  life  was 
lost  for  155.000  tons  of  anthracite  mined,  and  i  life  for  388,000  tons 
of  bituminous  coal.  The  non-fatal  accidents  were  also  of  higher 
ratio  in  the  hard  coal  mines.  Part  of  this  difference  may  be  due 
to  the  depth  at  wdiich  anthracite  is  now  generally  mined.  In 
Pennsylvania  in  1916  the  fatalities  left  631  widows  and  1510  or- 
phans. Taking  the  United  States  at  large  for  191 8  the  production 
of  coal  of  all  kinds  per  life  lost  was  266,000  tons,  an  improvement 
over  191 7,  in  which  the  production  per  fatality  was  241,000  tons. 
The  davs  worked  in  1917  were  251,  and  somewhat  higher  in  1918. 

H.  L. 

Manganese  in  New  Mexico.  (U.  S.  Geol.  Sur.  Bull.  yio-B.)  — 
This  bulletin,  prepared  by  E.  L.  Jones,  Jr.,  presents  the  data  in 
regard  to  the  efforts  made  during  the  war  to  secure  manganese 
from  the  New  Mexico  deposits.  These  are  scattered  mostly 
along  the  Rio  Grande,  west  of  the  central  line  of  the  state,  and 
occur  in  both  sedimentary  and  igneous  rocks.  Both  oxides  and 
primary  minerals  are  found  but  only  the  former  are  mined.  A 
limited  use  of  the  ores  has  been  made  for  many  years,  but  the 
great  increase  in  price  of  manganese  brought  about  by  the  war. 
led  to  much  more  extensive  operation  of  known  mines  and  active 
search  for  new  deposits.  The  total  production  to  December  i, 
1918.  was  5500  tons.  A  few  deposits  are  capable  of  yielding  sev- 
eral thousand  tons,  but  most  are  of  small  size.  The  ore  has  to  be 
shipped  to  points  east  of  the  Mississippi,  which  involves  a  high 
freight  rate.  The  minimum  rate  to  Chicago  was  $8  per  short  ton, 
in  addition  to  which  the  charges  for  mining  and  wagon  transpor- 
tation to  the  railroad  siding  were  high,  so  that  even  with  the 
high  prices  prevailing  during  1918,  little  profit  w^as  made,  and 
with  return  of  pre-w^ar  prices,  probably  none  of  the  deposits  can 
be  worked  profitably.  H.  L. 

Gold-lode  Mining  in  Alaska.  (U.  S.  Geol.  Surv.,  Press  Bul- 
letin, November,  1919.) — Twenty-five  gold-lode  mines  were  oper- 
ated in  Alaska  in  1918,  according  to  the  U.  S.  Geological  Survey, 
Department  of  the  Interior.  There  was  also  a  production  from 
seven  prospects — abandoned  mines  or  small  mines  that  were  not  in 
regular  operation.  The  value  of  the  lode-gold  output  decreased 
from  $4,581,453  in  1917  to  $3,473,317  in  1918,  owing  partly  to  the 
disaster  at  the  Treadvvell  mine  in  April,  1917,  and  partly  to  curtail- 
ment of  operations,  especially  in  the  Juneau  district,  because  of 
shortage  of  labor.  Southeastern  Alaska,  especially  the  Juneau 
district,  is  still  the  only  centre  of  large  quartz-mining  operations 
in  the  territory.     Next  in  importance  is  the  Willow  Creek  lode 
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district.  The  production  in  the  Fairbanks  district  decreased  ma- 
terially, as  the  lode-mine  owners  of  Fairbanks  are  still  awaiting 
the  cheapening  of  operating  costs,  especially  of  fuel,  which  is  ex- 
pected on  the  completion  of  the  Government  railroad.  In  1918 
the  average  value  of  the  gold  and  silver  contents  for  all  siliceous 
ores  mined  was  $1.70  a  ton;  the  average  for  1917  was  $1.37  a  ton. 
These  averages  reflect  the  dominance  in  the  total  lode  production 
of  the  large  tonnage  produced  from  the  low-grade  ores  of  the 
Juneau  district. 

Studies  in  Catalysis. — From  pamphlets  issued  as  reports  of  a 
symposium  on  catalysis,  held  at  the  thirty-sixth  general  meeting 
(September,  1919)  of  the  American  Electro-Chemical  Society,  some 
very  interesting  data  are  taken.  The  word  "  catalysis  "  was  coined 
by  Berzelius  in  1836,  but  one  of  the  most  striking  instances  of  the 
effect  had  been  made  known  by  Doebereiner  four  years  previously, 
namely,  the  effect  of  manganese  dioxide  in  promoting  the  decom- 
position of  potassium  chlorate.  The  subject  of  catalysis  in  the 
inorganic  field  has  become  of  great  importance  of  late  years,  owing 
to  valuable  applications  in  industries,  such  as  the  manufacture  of 
sulphuric  acid,  ammonia  and  the  hydrogenation  of  oils.  One  of  the 
contributors  to  the  symposium,  Hugh  S.  Taylor,  states  that  a  striking 
physical  feature  common  to  the  catalysis  agents  is  that  they  are 
mainly  porous  or  finely  divided  materials.  For  example,  bog  iron 
ore,  a  light  porous  ferric  hydrate,  is  an  agent  in  the  oxidation  of 
hydrogen  sulphide  to  sulphur  in  purifying  illuminating  gas.  Cu- 
prous chloride  distributed  over  a  porous  mass,  such  as  fire-brick,  is 
used  in  the  Deacon  chlorine  recovery  process.  Platinum  deposited 
on  asbestos  or  magnesium  sulphate,  is  used  in  the  sulphuric  acid 
manufacture.  Porous,  reduced,  iron-molybdenum  is  used  in  am- 
monia synthesis,  the  massive  alloy  is  inert.  Porous  bodies  have,  as 
a  rule,  high  adsorptive  powers,  but  the  two  i^roperties  are  not  neces- 
sarily correlative.  Patrick,  of  Johns  Hopkins,  has  found  that  a 
silica  gel  that  he  prepared  is  highly  adsorptive,  but  not  so  far  as 
known,  catalytic.  Taylor  passes  on  to  the  consideration  of  the 
so-called  "  poisons  "  of  catalysts,  that  is,  the  substances  which  in 
small  amount  deprive  the  catalyst  of  activity.  His  investigations 
lead  him  to  the  view  that  the  effect  is  due  to  a  slowing  down  of  the 
velocity  of  the  adsorption  of  the  reacting  substances.  The  value, 
therefore,  of  the  clean  surface  is  evident.  Experiments  have  recently 
shown  that  "  clean  "  charcoals  are  much  more  efffcient  in  the  gas- 
mask. One  actual  measurement  of  relative  action  has  been  made 
by  Dr.  Harned  (U.  of  Pa.),  who  obtained  contrasting  results  from 
two  portions  of  charcoal,  one  of  which  had  been  cleaned  by  suc- 
cessive washings  with  chlor-picrin  and  the  other  simply  evacuated. 
Curves  plotted  from  the  data  show  that  the  adsorption  by  the  clean 
charcoal  was  nnich  more  ra])id  than  \\  itli  the  uncleaned  sample,  but 
tlirit   it   is  evident   that    in   ;in   iii(lentiitel\-   Iting  interval   the  effect   of 
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both  adsorbents  will  be  equal.  In  the  first  five-minute  intervals  in 
an  experiment,  the  adsorption  of  the  cleaned  charcoal  was  500  times 
greater  than  with  the  uncleaned,  it  may  be  assumed  that  in  a  still 
briefer  interval  the  difference  will  be  much  greater. 

A  further  interesting  feature  is  that  admixture  of  small  amounts 
of  substances,  perhaps  not  in  themselves  catalytic,  will  activate 
strongly  a  true  catalyst.  The  action  of  the  small  amount  of  cerium 
oxide  on  thorium  oxide  in  the  gas  mantle  is  well  known,  and  it  is 
found  that  a  mixture  of  0.5  per  cent,  of  cerium  dioxide  with  iron 
oxide  gives  a  catalyst  many  times  more  reactive  than  the  iron  oxide 
alone.  The  term  "  promoters  "  has  been  given  to  substances  of  this 
activating  class,  but  although  a  large  amount  of  investigation  has 
been  given  to  the  topic,  the  nature  of  the  action  is  unknown.  Un- 
doubtedly, most  valuable  practical  results  will  flow  from  extended 
researches  in  this  line. 

H.  L. 

Fog  Signal  System.  Anon.  (The  Marine  Re7'ie2v,  vol.  1,  No.  i. 
p.  17.  January.  1920.) — In  cooperation  with  the  Bureau  of  Light- 
houses, experiments  are  being  carried  on  by  the  Bureau  of  Standards 
to  establish  a  radio  fog  signaling  system.  Such  a  system,  when  per- 
fected, will  give  the  navigator  a  reliable  signal  under  any  conditions 
of  fog  and  make  him  independent  of  the  lighthouse  lamp.  The  prin- 
cipal object  to  be  sought  is  the  sending  out  of  a  radio  signal  auto- 
matically from  a  lighthouse  and  the  reception  of  this  signal  upon  a 
ship  by  a  simple  radio  direction  finder.  If  a  number  of  important 
lighthouses  on  the  Atlantic  coast  are  equipped  with  this  system,  the 
safety  of  navigation  will  be  greatly  advanced.  In  connection  with 
these  experiments,  radio  transmitting  apparatus  is  being  placed  at 
three  lighthouses  in  Chesapeake  Bay  and  the  radio  receiving  appar- 
atus and  direction  finder  installed  on  a  lighthouse  tender.  Three 
lighthouses  are  used,  so  as  to  give  comparative  information  on  differ- 
ent types  of  modern  transmitting  equipment  and  to  determine  which 
is  the  best  suited  for  this  work.  The  apparatus  is  of  special  type 
developed  by  the  Bureau  as  a  result  of  some  of  its  researches  on 
radio  problems  during  the  war. 

R. 

A  24-Hour  Clock  at  Waterloo  Station,  London.  Anon.  (Rail- 
zcay  Age,  vol.  Ixvii,  Xo.  24,  p.  11 71,  December  12.  1919.) — Consid- 
erable interest  is  now  being  taken  in  England  in  the  idea  of  timing 
trains  on  the  24-hour  system.  This  method  is  general  on  the  Conti- 
nent, and  is  regarded  as  having  the  important  advantage  of  render- 
ing more  clear  the  actual  arrival  and  departure  time  of  trains. 
Difficulties  with  regard  to  a.m.  and  p.m.  are  altogether  surmounted, 
and  on  long-distance  bookings  it  is  a  very  simple  matter  to  ascertain 
whether  one  will  get  to  any  point  during  the  day  or  in  the  night. 
Whh  this  in  mind,  a  24-hour  clock  has  recently  been  installed  at 
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the  Waterloo  station  of  the  London  and  Southwestern  Railway, 
London,  with  a  view  to  putting  English  "  timings  "  into  line  with 
Continental.  The  clock  has  the  usual  dial  with  Roman  numerals, 
the  figures  13  to  24  being  placed  in  smaller  Arabic  numerals  inside, 
opposite  their  respective  Roman  numerals.  Most  of  the  time- 
tables of  Continental  bookings  printed  in  England  now  use  the 
24-hour  system. 

R. 

New  Bearing  Metal.  Anon.  (Machinery,  vol.  xxvi,  No.  4, 
p.  329,  December,  1919.) — A  development  in  bearing  metal  which  is 
the  outgrowth  of  the  scarcity  of  tin  during  the  war  was  of  great 
value  to  the  Government  during  the  period  of  hostilities.  It  is  an 
electrically  hardened  lead  with  a  very  small  percentage  of  other 
ingredients  added  which  had  never  before  been  used  in  bearing  metals. 
The  Bureau  of  Standards  made  a  series  of  tests  on  this  new  bearing 
metal  and  issued  a  report  showing  that  the  tensile  strength  of  the 
metal  is  13,000  pounds,  the  elastic  limit  11,525  pounds,  and  that  it 
is  capable  of  enduring  a  running  test  at  a  pressure  of  1000  pounds  per 
square  inch  at  a  speed  of  400  revolutions  per  minute.  The  final 
temperature  was  only  150  degrees  F.  The  report  stated  that  this 
metal  possesses  all  the  requisites  of  a  good  bearing  metal,  that  is, 
hardness,  compressive  strength,  low  friction,  and  heat  resistance, 
as  well  as  low  cost. 

R. 

Gas-Masks  for  Industrial  Use.  Anon.  (The  India  Rubber 
World,  vol.  Ixi,  No.  2,  p.  103,  November  i,  1919.) — The  gas-mask 
is  rapidly  finding  its  proper  place  in  the  industries.  Experience  has 
shown  that  it  has  a  wide  application  in  protecting  workmen  from  the 
noxious  gases  and  fumes  given  ofif  in  many  chemical  operations.  In 
rubber  factories  gas-masks  could  be  used  around  volatile  solvents, 
such  as  carbon  disulphide,  carbon  tetrachloride,  sulphur  chloride  and 
certain  organic  accelerators.  In  allied  chemical  plants  they  give  good 
protection  in  pyrite  smelting  and  roasting  operations  wherever  sul- 
phur dioxide  or  oxides  of  nitrogen  are  encountered.  The  war  gave 
great  impetus  to  the  development  of  better  gas-masks,  and  now  the 
Bureau  of  Mines  has  established  a  gas-mask  department  at  the 
Pittsburgh  Experiment  Station,  where  masks  of  the  army  type  will 
be  developed  for  industrial  use. 

R. 
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In  the  autumn  of  1914  the  French  first  undertook  experiments 
to  determine  whether  the  enemy  artillery  positions  could  be  located 
by  means  of  the  sound  of  the  firing  of  the  guns.  These  experi- 
ments met  with  sufficient  success  to  warrant  the  establishment  of 
sound-ranging  sections  along  the  entire  western  front.  When  the 
British  arrived  in  force  in  France  they  also  established  a  sound- 
ranging  senuce  which  employed  apparatus  which  was  somewhat 
more  elaborate  than  that  adopted  by  the  French  and  which  was 
especially  designed  to  meet  conditions  on  a  very  active  front. 

When,  in  the  early  opening  of  1917,  the  first  American  troops 
went  into  the  line  American  sound-ranging  sections  went  in  with 
them,  equipped  with  apparatus  furnished  by  the  British  and  di- 
rected by  officers  who  had  been  trained  in  their  special  duties  on 
the  British  front.  At  the  same  time  other  American  sound-ranging 
troops  were  being  trained  in  the  back  area  and  apparatus  was 
being  constructed  in  America  with  which  to  provide  the  sections 
which  were  needed  when  the  steady  flow  of  American  combat 
troops  began  to  arrive  in  France. 

*  Presented  at  a  meeting  of  the  Section  of  Physics  and  Chemistry 
held  Thursday,  October  23,  1919. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opintoni  advanced 
by  contributors  to  the  Journal.) 
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At  the  signing  of  the  armistice  a  battalion  of  ranging  troops 
consisting  of  five  companies  was  in  France;  about  one-half  of  the 
battalion  was  engaged  in  sound-ranging  and  the  other  half  in  the 
special  form  of  visual  observation  known  as  flash-ranging. 

PRINCIPLES  OF  SOUND-RANGING. 

Sound  travels  in  still  air  at  zero  degrees  centigrade  (the  freez- 
ing point  of  water),  at  the  rate  of  330.6  metres  per  second 
(roughly  iioo  feet  per  second).  At  10  degrees  centigrade  the 
speed  to  the  nearest  whole  number  is  337  metres  per  second.  The 
velocity  is  not  only  affected  by  the  temperature  of  the  air,  but  also 
the  apparent  velocity  is  very  markedly  afifect'ed  by  the  velocity  and 
direction  of  the  wind.  It  follows  from  this  that  a  survey  carried 
out  by  the  means  of  sound  waves  unlike  a  survey  carried  out  in  the 
ordinary  manner  by  light  waves  is  subject  to  errors  introduced  by 
the  lack  of  accurate  knowledge  of  the  wind  and  temperature  cor- 
rections which  it  is  necessary  to  apply  to  the  data  of  observation. 
Furthermore  there  is  a  lack  of  parallelism  between  a  light  survey 
and  a  sound  survey  which  will  be  evident  from  the  following  con- 
sideration :  To  locate  a  point  on  the  ground  by  a  light  survey  it  is 
only  necessary  to  secure  an  intersection  of  two  light  streams 
towards  two  known  points  on  a  surveyed  base  line  by  the  use  of 
relatively  small  telescopes,  while  to  obtain  a  location  at  all  com- 
parable in  accuracy  by  means  of  sound  it  would  be  necessary  to  use 
instruments  of  prohibitively  great  size.  Fortunately,  however,  ad- 
vantage may  be  taken  of  the  low  velocity  of  sound  compared  to 
that  of  light  to  obtain  a  survey  from  three  points  without  the  use 
of  listening  apparatus  of  great  size.  This  method  entails  the  accu- 
rate measurement  of  the  differences  of  times  of  arrival  of  sound  at 
the  three  points.  This,  of  course,  entails  the  use  of  some  form  of 
accurate  clock,  and  precludes  the  use  of  human  observers  who 
might  differ  too  much  in  their  reaction  times. 

In  still  air  at  10  degrees  centigrade  the  sound  from  a  gun 
moves  out  in  a  wave  of  compression  and  rarefaction  which  travels 
337  metres  per  second.  If  the  gun  is  at  G  and  mechanical  listeners 
electrically  connected  to  a  common  timing  device  are  situated  at 
Af,,  M2  and  A/.-j  and  if,  for  example,  GM^  be  3370  metres,  the 
sound  of  the  gun  will  reach  M,  in  10  seconds,  and  the  front  of  the 
spherican  wave  will  go  through  A/j,  N^  and  A'^.,.  This  wave  front 
moving  with  the  velocity  of  337  metres  per  second  will  reach  M^ 
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later  than  it  reaches  M^.     How  much  later  is  determined  by  the 
time  it  takes  the  sound  to  travel  the  distance  N^,  M^. 

Thus  the  interval  between  the  arrival  of  the  sound  at  M^  and 

at  -1/..  will  be — ^- — -^seconds,  and  the  interval  between  the  arrival  at 
337 

M-^  and  at  .1/..  will  be— ^ — ^seconds.    Suppose  the  distance  A^i  Mg 
were  },;i,.j  metres,  then  the  interval  of  time  between  the  arrival  at 


M^  and  at  Mg  would  be  one-tenth  of  a  second,  and  this  time  would 
be  recorded  on  the  timing  device  electrically  connected  with  M^ 
and  .1/2.  This  interval  alone  would  not  serve  to  locate  the  posi- 
tion of  the  gun,  for  there  are  a  whole  series  of  positions  which  the 
gun  might  occupy  and  still  send  the  sound  to  M^  a  tenth  of  a 
second  earlier  than  to  M^ — in  fact  G  might  lie  anywhere  provided 
QMi  were  greater  than  GM2  by  33.7  metres  in  the  example  chosen. 
Stated  more  mathematically,  G  must  lie  on  a  particular  hyperbola 
having  M^  and  M2,  as  foci  for  an  hyperbola  is  a  curve  drawn  so 
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that  the  difference  of  the  distances  from  any  point  of  the  curve  to 
the  two  fixed  points,  or  foci,  is  a  constant  (33.7  metres  in  this 
case).  Now  if  G  is  not  close  to  Mj  and  Mg  compared  to  the  dis- 
tance between  M^  and  M2,  which  is  the  practical  case  on  the  battle 
front,  the  hyperbola  on  which  G  must  lie  is  practically  a  portion  of 
a  straight  line  which,  if  prolonged,  goes  through  a  point  midway 
between  M^  and  M2  and  thus  it  is  possible  to  determine  the  direc- 
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Plotting  board. 

Hon  from  this  mid-point.  A  plotting  board  may  be  prepared  in 
advance  which  has  a  string  pivoted  on  the  mid-point  A,  and  a 
scale  on  the  edge  of  the  board  marked  with  hundredth  and  tenth 
second  intervals.  In  the  example  chosen  this  string  would  have 
to  be  set  at  the  point  marked  "i/ioth  second  left"  and  the  gun 
would  be  determined  to  lie  on  the  ground  at  some  point  repre- 
sented on  the  plotting  board  as  a  point  lying  under  the  string. 
Similarly  if  the  observed  interval  between  the  times  of  arrival  of 
the  report  at  Afg  and  il/.,  be  laid  off  on  a  second  scale  for  string 
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pivoted  on  the  mid-point  B  the  intersection  of  the  two  strings 
would  locate  on  the  plotting  board  the  position  of  the  gun  on  the 
ground.  Naturally  the  plotting  board  must  be  very  carefully  pre- 
pared from  an  accurate  survey  of  the  positions  of  the  listening 
instruments  on  the  ground. 

The  location  found  on  the  plotting  board  will  only  be  exact 
without  correction  if  the  temperature  of  the  air  is  10  degrees 
centigrade  and  if  there  is  no  wind.  If  there  is  no  wind  but  the 
temperature  is  greater  than  10  degrees  centigrade  the  sound  will 
have  travelled  more  rapidly  than  was  assumed  in  the  preparation 
of  the  plotting  board  and  the  intervals  will  thus  be  too  small  for 
the  scale  adopted  in  drawing  the  board.  The  amounts  by  which 
the  inter\-als  must  be  augmented  if  the  temperature  of  the  air  be 
known  are  easily  calculated  and  the  strings  may  be  set  for  the 
corrected  intervals,  and  the  intersection  determines  the  true  po- 
sition of  the  gun  as  before.  If  a  wind  be  blowing  with  a  known 
velocity  in  a  given  direction  it  is  only  the  components  of  this  ve- 
locity which  lies  along  the  directions  GM-^^,  GM2,  and  GM^ 
which  will  afifect  the  times  of  arrival  or  the  sound  at  the  listening 
instruments ;  the  observed  intervals  may  therefore  be  easily  cor- 
rected to  what  they  would  have  been  were  there  no  wind  and  the 
plotting  strings  set  accordingly. 

The  theory  of  the  application  of  the  wind  and  temperature  cor- 
rections is  an  extremely  simple  matter,  and  the  application  itself 
is  easy  and  rapid  because  of  the  graphical  method  of  calculation 
employed  in  the  construction  of  the  string  plotting  board.  The 
real  difficulty  lies  in  an  uncertainty  as  to  what  the  true  tempera- 
ture and  wind  are  since  the  sound  comes  by  a  path  inaccessible 
to  obser\'ation.  More  than  half  of  the  path  lies  behind  the  enemy 
lines  and  the  remainder  lies  in  a  region  in  which  it  is  not  per- 
missible to  attract  the  attention  of  the  enemy  by  carrying  out  any 
unnecessary^  activities. 

Three  listening  instruments  electrically  connected  with  a 
"central"  or  calculating  station  are  theoretically  sufficient  to  per- 
mit of  a  survey  of  the  enemy  batteries  by  sound ;  however,  it  is  in 
practice  advisable  to  employ  more  than  three  instruments  for  the 
following  reasons :  The  electrical  connections  between  the  instru- 
ments and  the  time-recording  mechanism  at  the  "central"  are 
unavoidably  subject  to  considerable  cutting  by  the  enemy's  shell- 
fire;  it  is  out  of  the  question  to  bury  the  lines  tO'  a  sufficient  depth 
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to  avoid  all  cutting  and  a  shallow  bury  renders  the  location  and 
repair  of  breaks  which  do  occur  extremely  difficult;  the  practice 
has  been  to  lay  the  lines  exposed  on  the  ground  and  to  provide  a 
sufficient  force  of  linesmen  to  ensure  quick  repairs.  In  order 
that  the  section  may  continue  its  work  while  such  repairs  are 
being  made,  six  listeners  instead  of  three  are  provided  in  the  ex- 
pectation that  at  least  three  will  always  be  in  working  condition. 
If  only  the  minimum  number  (three)  of  listening  instruments  are 
employed,  no  estimate  of  the  accuracy  of  a  location  can  be  formed, 
whereas  if  six  instruments  be  used  the  location  is  determined  by  the 
intersection  of  five  strings  on  the  plotting  board;  if  these  all  inter- 
sect in  a  point  the  location  is  probably  accurate,  whereas  if  the 
intersection  is  poor  the  location  is  probably  badly  in  error.  A 
study  was  made  of  the  errors  corresponding  to  certain  typical  in- 
tersections and  a  general  plan  of  reporting  the  probable  accuracy 
of  the  location  from  the  character  of  the  intersection  was  adopted. 
The  officer  in  command  of  a  sound-ranging  section  thus  reported 
to  the  artillery  not  only  the  location,  target  and  probable  calibre 
of  an  active  enemy  battery  but  also  whether  the  location  was  prob- 
ably accurate  to  fifty,  one  hundred  or  one  hundred  and  fifty 
metres ;  these  estimates  were  formed  in  a  scientific  manner,  and 
all  of  the  various  sections  on  the  front  employed  the  same  method. 
After  a  considerable  number  of  the  enemy's  battery  positions  had 
been  captured  it  was  possible  to  check  up  the  errors  of  the  indi- 
vidual sound-ranging  locations  with  the  results  of  a  careful  survey 
of  the  positions;  it  was  found  that  the  estimates  of  accuracy  had 
been  rather  too  conservative,  for  in  none  of  the  cases  examined 
was  the  accuracy  less  than  had  been  claimed  when  the  report  was 
made,  and  in  the  majority  of  the  cases  it  was  considerably  greater. 
The  recording  mechanism  at  the  "central"  consisted  of  an 
accurate  timing  device  arranged  so  as  to  photograph  on  a  moving 
strip  of  sensitized  paper  a  series  of  lines  about  one-fiftieth  of  an 
inch  apart;  these  lines  were  the  shadows  cast  by  a  set  of  spokes 
of  a  wheel  which  was  kept  spinning  in  the  i>ath  of  a  beam  of  light 
which  fell  on  the  sensitized  paper;  the  rate  of  spin  of  the  spoked 
wheel  was  governed  by  a  tuning  fork  so  that  the  shadows  were 
cast  on  the  paper  with  the  greatest  attainal)le  regularity ;  the  rate 
chosen  was  one  hundred  shadows  per  second,  so  that  the  photo- 
graphic paper  had  recorded  across  its  entire  width  an  extremely 
accurate  time  scale,  the  smallest  interval  of  which  was  one  one- 
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hundredth  of  a  second;  the  tenth  second  mark  and  the  entire  sec- 
ond mark  were  made  so  as  to  be  easily  distinguishable  from  the 
others  in  order  to  permit  rapid  counting  The  photographic  paper 
employed  was  of  the  standard  moving  picture  film  width,  as  this 
could  be  obtained  quickly  and  at  low  cost  both  in  Europe 
and  America. 

Superimposed  on  the  time  scale  on  the  photographic  paper 
were  six  lines  equi-spaced  across  the  width  of  the  paper ;  these 
were  the  shadows  of  six  moving  elements  of  a  specially  con- 
structed galvanometer,  each  of  whose  six  moving  elements  were 
electrically  connected  to  a  certain  one  of  the  six  listening  instru- 
ments on  the  sound-ranging  base.  When  the  sound  of  an  enemy 
gun  arrived  at  listener  No.  i  there  occurred  a  slight  twitch  in  the 
element  No.  i  of  the  galvanometer,  and  this  twitch  was  photo- 
graphed on  the  moving  photographic  paper  strip.  The  time  the 
twitch  occurred  could  be  estimated  with  an  accuracy  of  at  least  a 
hundredth  of  a  second  because  the  record  of  the  time  was  super- 
posed on  the  same  piece  of  photographic  paper.  When  the  sound 
arrived  at  listener  No.  2  the  element  No.  2  of  the  galvanometer 
recorded  in  a  similar  manner  the  exact  time  of  arrival,  and  the 
same  was  true  when  it  arrived  at  the  listeners  connected  with  the 
other  four  elements.  Thus  if  the  mechanism  were  set  in  motion 
before  the  sound  of  the  gun  reached  the  listener  nearest  to  the  gun 
and  was  allowed  to  run  until  the  sound  reached  the  listener  far- 
thest from  the  gun,  the  photographic  record  which  was  automat- 
ically developed  and  fixed  contained  all  the  information  necessary 
to  calculate  the  gun  position;  i.e.,  it  contained  the  five  intervals 
betw^een  the  times  of  arrival  at  the  six  listening  instruments;  if, 
as  was  generally  the  case,  the  recorder  was  run  for  twenty  or 
thirty  seconds  the  record  usually  contained  the  record  of  the  burst 
of  the  enemy's  shell  and  the  position  of  this  could  also  be  reported 
to  the  artillery  within  from  one  to  two  minutes  after  the  gun 
had  fired. 

Since  a  typical  record  not  only  contained  data  from  which  the 
position  of  the  enemy  gun  could  be  located,  but  also  contained  data 
from  which  the  location  of  the  burst  of  the  shell  could  be  calcu- 
lated, both  the  range  and  time  of  flight  of  the  shell  could  be 
calculated.  In  the  case  of  guns  employing  fixed  ammunition 
charge,  a  knowledge  of  these  two  quantities  was  suf^cient  to  de- 
termine the  calibre  of  the  gun,  since  the  values  of  the  muzzle 
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velocities  of  many  of  the  German  guns  were  well  known  to  the 
Allies.  Even  in  the  case  of  guns  not  employing  fixed  ammunition 
charge  the  fact  that  the  burst  of  the  shell  could  be  located  enabled 
the  officer  in  charge  of  the  section  to  recover  fragments  of  the 
shell  on  which  to  base  an  estimate  of  the  calibre. 

The  possibility  of  an  estimate  of  the  calibre  of  the  enemy  guns 
was  one  of  the  unique  features  of  sound-ranging — another  im- 
portant feature  was  the  ability  to  locate  guns  which  were  brought 
up  by  the  enemy  in  preparation  for  an  attack  and  which  were 
therefore  not  used  in  the  period  preceding  the  attack  in  order  to 
insure  an  element  of  surprise.  Such  guns  usually  fired  but  one  or 
two  ranging  shots,  and  if  they  were  well  concealed  usually  escaped 
detection  by  ordinary  means;  many  such  guns  were  located  by 
sound-ranging  when  they  fired  their  ranging  shot  or  shots. 

ACCURACY  OF  SOUND-RANGING  IN   THE  A.  E.  F. 

The  limitation  to  the  accuracy  attained  by  the  sound-ranging 
in  the  A.  E.  F.  was  partly  scientific  and  partly  set  by  practical 
working  conditions.  As  regards  the  latter  it  is  of  course  obvious 
that  the  necessity  of  mobility,  the  fact  that  any  system  must  be 
operated  by  rather  hastily  trained  men  of  average  intelligence, 
the  fact  that  results  must  generally  be  reported  quickly  to  be  of 
the  greatest  service,  and  finally  the  fact  that  an  accuracy  greatly 
in  excess  of  that  of  modern  artillery  fire  is  not  necessary,  all  pre- 
clude the  use  of  apparatus  designed  solely  with  the  object  of  at- 
taining great  accuracy. 

The  scientific  limitations  are  in  part  geometrical,  in  part 
meteorological  and  only  in  part  instrumental.  Sound-ranging  is 
of  course  a  type  of  survey,  and  the  accuracy  to  be  expected  is  in 
part  determined  by  the  length  of  the  base. 

We  have  used  six  listeners  equi-spaced  along  the  arc  of  the 
circle  concave  toward  the  enemy  and  with  the  centre  of  the  circle 
at  or  near  the  point  about  which  the  enemy's  artillery  has  been 
grouped  in  the  sector.  This  generally  results  in  the  radius  of  the 
circular  arc  being  from  20-30  sound-seconds  in  length  and  the 
distance  between  listeners  on  the  arc  being  4,  4^/2  or  5  sound- 
seconds.  (One  sound-second  is  337  metres.)  The  combination 
25  sound-second  radius  and  43^  sound-seconds  interval  has  been 
most  used.  Straight  bases  (7?=infinity)  have  been  used.  The 
])ractical  objection  to  the  straight  base  that  their  use  in  general 
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results  in  longer  tilms  to  a  record  is  not  very  serious,  while  the 
theoretical  objection  that  every  location  is  capable  of  two  solu- 
tions, one  in  front  and  one  behind  the  line  of  listeners,  applies  only 
to  the  location  of  shell-bursts,  which  is  a  matter  of  no  practical 
importance.  Bases  of  more  than  5  sound-seconds  interval,  while 
thev  would  result  in  increasing  accuracy,  would  be  difficult  to  keep 
in  operation  on  an  active  front  because  of  wire  cutting.  On  a 
quiet  front  a  base  of  6  seconds  might  be  used  to  good  effect,  but 
it  would  probably  have  to  be  shortened  if  the  front  became  active 
and  this  would  leave  a  gap  between  neighboring  sections.  A  better 
plan  to  secure  the  advantages  of  a  long  base  is  one  we  had  in  oper- 
ation in  preparation  for  the  siege  of  Metz;  this  was  to  lay  out 
adjacent  sections  so  that  they  could  be  coupled  to  form  one  sec- 
tion of  very  long  base  for  the  more  accurate  location  of  guns  of 
the  heavier  calibres. 

The  meteorological  limitations  were  the  most  serious ;  these 
were  quantitative  and  qualitative;  that  is,  the  exact  knowledge  of 
the  direction  and  magnitude  of  the  wind  and  the  temperature  were 
generally  lacking,  so  that  wind  and  temperature  corrections  were 
uncertain.  Much  was  done  to  reduce  this  uncertainty  by  the  Brit- 
ish, who  employed  so-called  wind  sections  near  the  front  where 
empirical  corrections  were  determined  by  the  use  of  sound-ranging 
apparatus  to  secure  the  sound  coordinates  of  a  source  of  sound 
whose  geographic  coordinates  were  known.  The  factors  neces- 
sary to  convert  the  sound  coordinates  to  the  geographic  were 
telephoned  every  two  hours  to  the  sound-ranging  sections.  This 
empirical  method  of  applying  wind  and  temperature  corrections 
served  its  purpose  very  well  and  as  a  by-product  furnished  some 
material  which  should  be  interesting  to  the  meteorologist.  We 
never  had  to  use  wind  sections  in  the  A.  E.  F.  because  it  was 
found  by  comparison  of  the  data  of  the  wind  sections  and  those  of 
the  Army  meteorological  service  that  the  actual  wind  velocities, 
directions,  and  temperatures,  existing  at  a  height  of  50  metres 
gave  the  same  over-all  corrections  as  those  obtained  from  the 
wind  sections. 

The  limitations  referred  to  as  qualitative  above  were  more 
serious.  When  a  strong  wind  was  blowing  towards  the  enemy 
the  sound  was  bent  up  so  that  it  did  not  reach  the  listening  instru- 
ments. When  the  wind  blew  from  the  enemy  the  sound  reached 
the  listeners  well  but  the  character  of  the  records  was  rendered 
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less  sharp,  and  so  inaccuracies  in  the  time  intervals  were  intro- 
duced. Irregularities  in  temperature  also  produced  analogous 
"mirage"  effects  which  confused  the  records.  Generally  winds 
tended  to  reduce  accuracy,  for  they  necessitated  screening  of  the 
listeners,  which  resulted  in  a  slight  decrease  in  sensitivity.  Good 
screening  was  possible,  however,  and  latterly  the  use  of  trans- 
formers in  the  circuit  was  coming  into  use.  This  was  tried  first 
by  the  Americans  and  was  given  a  try-out  by  the  British,  and 
would  probably  have  been  adopted  by  both  services  as  it  did 
away  entirely  with  a  number  of  electrical  complications  and  com- 
pletely removed  the  irregular  slow-period  fluctuations  due  to  poor 
wind  screening.  Lastly,  there  were  instrumental  limitations.  Lack 
of  sensitivity  was  not  one  of  these — it  is  true  that  with  a  more 
sensitive  recording  instrument  the  listening  instruments  might 
have  been  further  in  the  rear  and  greater  safety  to  the  men  and 
less  wire  cutting  would  have  resulted;  however,  the  importance  of 
the  wind  and  temperature  corrections  which  are  the  uncertain 
elements  in  sound-ranging  would  have  been  increased,  and  more 
than  this,  it  was  our  experience  that  the  nearer  the  front  a  section 
was  the  more  efficient  it  was.  The  men  kept  in  better  touch  with 
what  was  going  on  and  had  a  lively  interest  in  locating  and 
silencing  the  enemy  batteries  whose  shells  fell  close  to  the  section. 
Besides  we  were  able  to  obtain  the  highest  grade  of  enlisted  man 
for  the  service  because  it  was  in  a  sense  a  front-line  proposition. 
This  would  not  have  been  so  had  we  installed  our  sections  further 
to  the  rear.  The  chief  danger  of  instrumental  inaccuracy  was  in 
the  timing  device.  The  French  used  clockwork,  which  was  un- 
reliable. We,  copying  the  British,  used  a  timing  device  governed 
by  a  tuning  fork  which  we  found  satisfactory  with  modifications 
suggested  by  a  special  study  made  to  determine  the  effect  on  the 
rate  of  the  fork  of  contact  pressure,  level,  amplitude,  mass  of 
fork,  etc.  The  rate  of  the  forks  was  checked  from  time  to  time 
as  an  error  in  the  timing  is  of  course  fatal  to  accuracy.  I  lowever, 
instrumental  timing  errors  are  not  as  fatal  as  irregular  errors  in 
the  time  intervals  due  to  meteorological  causes  since  the  instru- 
mental errors  are  at  least  systematic  and  affect  all  the  intervals 
proportionally  while  the  irregular  errors  may  amount  to  a  large 
portion  of  the  interval. 

A  theoretical  examination  of  the  effect  of  unsystematic  errors 
leads  to  the  result  that  they  are  about  seven  times  as  great  in 
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range  as  they  are  in  line,  and  that  they  are  less  the  longer  the 
sound-ranging  base.  Likely  errors  from  this  source  in  average 
weather  and  for  the  type  of  base  most  used  are  from  30-40  metres 
in  range.  In  good  sound-ranging  weather  these  errors  are  absent. 
Errors  likely  to  be  introduced  from  lack  of  exact  knowledge  of 
the  wind  in  average  weather  are  about  30  metres,  while  those  from 
uncertainty  as  to  temperature  are  pratically  negligible.  Neither 
of  the  latter  is  dependent  on  the  length  of  the  base. 

An  estimate  of  the  probable  over-all  error  of  one  observation 
including  that  due  to  geometrical  causes  is  expressible  as  follows : 
In  the  normal  battle  area  for  a  4^  second  base  of  25  sec.  radius 
the  probable  error  of  a  location  on  the  right  bisector  to  the  base 
would  be  20  metres  at  4  kilometres  and  80  metres  at  12  km.  Along 
a  parallel  to  the  right  bisector  drawn  from  a  flank  of  the  base  it 
would  be  50  metres  at  4  km.  and  100  metres  at  12  km.  Most  of 
the  heavy  calibre  guns  are  grouped  7  or  8  km.  from  the  base,  and 
the  bulk  of  the  field  guns  lie  from  4  to  7  km.  from  the  base. 

After  September  10,  19 18,  it  was  possible  to  survey  the  cap- 
tured German  battery  positions  in  the  St.  Mihiel  salient  and 
compare  the  locations  made  by  the  sound-ranging  with  the  actual- 
surveyed  positions  on  the  ground.  The  locality  was  very  favor- 
able for  a  study  of  the  accuracy  of  sound-ranging  for  two  good 
sections  had  been  working  in  the  region  for  a  period  of  six  months 
— in  fact  from  the  date  of  the  entry  of  the  first  American  division 
into  the  line. 

The  survey  was  performed  by  the  Army  topographic  troops, 
who  had  no  direct  interest  in  the  results.  The  sound-ranging  lo- 
cations of  the  various  active  batteries  were  obtained  from  the  card 
catalogues  of  activity  and  locations  kept  throughout  the  six 
months :  each  location  bore  an  estimate  of  the  probable  accuracy 
based  on  the  character  of  the  intersections  on  the  graphical  plotting 
board  at  the  time  the  location  was  made.  The  same  system  was  in 
use  throughout  all  the  sections  and  was  as  follows  :  P — error  not 
more  than  50  metres,  Q — not  more  than  100  metres,  R — not  more 
than  150  metres,  RR — more  than  150  metres.  In  most  cases 
there  were  a  considerable  number  of  locations  of  each  battery  so 
that  weighted  mean  values  of  the  coordinates  could  be  taken.  The 
system  of  weighting  was  to  count  P  four,  Q  three,  R  two  and 
RR  one. 

Captain  C.  B.  Bazzoni,  Engineers,  prepared  a  very  interesting 
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report  on  the  accuracy  obtained  by  Sections  i  and  3  of  which  he 
was  in  command  for  the  period  March  to  September.  1918,  an 
extract  from  which  is  given  below.  This  report  we  had  printed 
and  distributed  to  all  superior  officers,  Staff  and  Artillery,  in  the 
A.  E.  F.,  and  tO'  the  Belgian.  British.  French  and  Italian  officers 
in  charge  of  sound-ranging  in  the  armies  of  these  nations. 

The  P,  Q  and  R  ratings  as  referring  to  any  one  location  give  the  com- 
puting officer's  critical  estimate  of  the  technical  excellence  of  the  deter- 
mination. These  locations  result  from  a  mathematical-physical  procedure 
of  such  a  nature  that,  if  the  wind  and  other  corrections  are  properly 
applied  and  the  atmospheric  conditions  are  properly  evaluated,  the  final 
result  must  positively  indicate  the  exact  source  of  the  sound.  There  are 
in  practice  always  certain  possible  errors,  the  limits  of  which  must  in  each 
case  be  estimated  by  the  computing  officer.  Although  the  computing 
officer's  estimate  will  be  more  or  less  valuable,  depending  on  his  general 
grasp  of  the  physical  problem  and  on  his  knowledge  of  the  determining 
factors  and  of  their  mode  of  variation,  the  data  here  submitted  show  that 
in  our  service  these  estimates  were  generally  fairly  true.  It  is  evident 
that  P  locations  average  better  than  Q,  Q's  better  than  R,  and  R's  better 
than  RR's,  and  that  a  location,  judged  by  a  competent  computing  officer 
in  the  light  of  known  weather,  instrument  and  line  conditions  to  be  within 
the  limits  of  error  of  one  of  these  categories,  is  to  a  high  probability 
actually  within  these  limits.  There  are,  nevertheless,  possibilities  for  a 
considerably  greater  variation  in  any  one  individual  location  than  might 
be  expected.  These  variations  are  due  largely  to  an  insufficiently  accurate 
knowledge  of  the  weather  conditions. 

It  is  clear  that  since  the  nature  of  the  errors  involved  is  accidental, 
the  average  of  any  considerable  number  of  locations,  in  themselves  inac- 
curate, is  certain  to  be  of  a  much  higher  degree  of  dependability.  Four 
or  five  locations  made  under  different  weather  conditions  constitute  a 
considerable  number  in  the  sense  here  used,  and  the  mean  of  these  four 
or  five  can  be  depended  upon  to  be  close  to  the  true  battery  location,  even 
though  the  constituent  data  are  all  of  "  R  "  accuracy.  These  facts  are 
fairly  well  demonstrated  by  the  evidence  examined.  This  statement  can 
be  otherwise  expressed  by  saying  that  five  or  more  independent  "  R  " 
locations  enable  us  to  place  a  battery  with  "  P  "  accuracy  or  better.  It  is 
because  of  these  facts  that  Section  Commanders  in  our  service  have  been 
directed  to  distinguish  in  orders  of  accuracy  the  accuracy  to  be  ascribed, 
in  the  judgment  of  the  computing  officer,  to  any  one  location  and  the 
accuracy  of  determination  of  a  battery  position  from  a  series  of  observa- 
tions. The  order  of  accuracy  of  the  mean  position  will,  as  above  pointed 
out,  be  always  higher  than  that  of  the  constituent  data  and  can  only 
properly  be  determined  through  a  consideration  of  the  number  of  inde- 
pendent values  involved  in  the  mean.  A  battery  location  should  be  rated 
R  on  a  single  determination  because  of  our  necessarily  uncertain  knowl- 
edge of  the  weather  conditions,  although   the   film   itself  may  be  judged 
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P  or  Q.  A  "  Q  "  can,  however,  safely  be  given  to  the  weighted  mean  of 
four  or  five  locations  irrespective  of  the  ratings  of  the  individual  deter- 
minations and  a  P  can  similarly  be  assigned  to  the  weighted  mean  of 
eight  or  ten  locations.  The  attached  data  show  that  a  P  battery  location 
is  safe  to  25  metres.  The  principal  factor  entering  into  the  accuracy  rating 
of  a  battery  position  is  seen  to  be  the  number  of  locations  obtained  of 
whatever  accuracy',  but  it  will  be  understood  that  the  giving  of  an  order 
of  accuracy-  to  a  battery  location  cannot  be  reduced  to  a  mere  mechanical 
consideration  of  the  number  of  independent  determinations  involved,  even 
though  it  is  mainly  based  on  this  number.  The  grouping  of  the  locations 
should  be  considered  and  should  be  found  normal.  A  normal  grouping 
is  roughl}-  elliptical  with  an  axial  ratio  of  i  to  3  or  thereabouts.  The 
major  axis  lies  roughly  on  the  line,  battery  to  centre  of  base  chord. 

The  batteries  discussed  in  the  group  covered  by  this  paper  (The  Mont 
Sec  group)  are  selected  from  this  group  as  typical.  Persons  studying  this 
report  can  safely  accept  the  conclusions  to  which  it  leads  without  waiting 
for  the  reports  on  other  groups.  There  is  no  essential  difference  in  the 
character  of  the  results  obtained  in  the  different  groups  or  in  the  batteries 
of  any  one  group. 

We  can  sum  up  by  saying  that  a  single  Sound-Ranging  location 
rated  P,  Q  or  R  is  to  a  high  degree  of  probability  within  the  limits  of 
error  stated  for  these  ratings;  that  a  mean  Sound-Ranging  location  com- 
prising seven  to  ten  or  more  individual  determinations  is  to  a  considerable 
degree  of  certainty  within  25  metres  of  the  activity  centre  of  the  battery. 
In  consequence  it  is  probably  just  to  conclude  that  Sound-Ranging  is  in 
general  practice  more  dependable  for  compiling  lists  of  active  batteries 
and  for  detecting  the  active  part  of  a  given  battery,  than  any  other  agency. 
It  should,  however,  be  pointed  out  that  the  highly  technical  procedures 
involved  and  the  breadth  of  general  scientific  knowledge  required  to  get 
results  of  this  grade  consistently,  demand  a  highly  qualified,  highly 
trained  and  experienced  personnel  and  a  properly  handled  apparatus  of 
the  general  character  of  that  in  use  by  our  sections. 

The  attention  of  readers  of  this  report  is  directed  to  the  fact  that  the 
methods  used  for  locating  active  batteries  by  Sound-Ranging  are  not  the  ones 
made  use  of  in  ranging  our  artillery  on  an  objective.  The  placing  of  the  bursts 
relative  to  one  another  is  accomplished  by  other  procedures,  which  enable 
us  to  report  the  relative  positions  to  a  considerably  higher  degree  of 
accuracy.  It  will  be  seen  that  a  dispersion  of  locations  of  successive 
bursts,  such  as  is  shown  on  the  attached  map  squares,  would  be  of  no  use 
in  correcting  artillery  fire.  This  dispersion  results  from  the  dissimilarity  of 
weather  conditions  on  different  days.  The  results  obtained  from  any  one 
battery  at  any  one  time,  roughly  speaking,  within  three  or  four  hours, 
invariably  check  very  closely  indeed  with  one  another;  but  these  succes- 
sive determinations  do  not  appear  on  our  records,  being  looked  upon 
as  duplications. 

An  idea  may  be  gained  of  the  amount  of  artillery  information 
supplied  by  the  sound-ranging  sections  from  the  following  extract 
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taken  from  the  report  of  the  artillery  information  officer  of  one 
of  the  American  corps.  This  officer  had  at  the  time  as  sources 
of  information  three  American  sound-ranging  sections,  two 
American  and  three  French  flash-ranging  sections,  aviation  and 
observation  balloons.  During  a  period  of  three  weeks  of  rapid 
advance  425  separate  locations  of  enemy  batteries  were  made;  of 
these  the  two  American  flash  sections  reported  63  per  cent.,  the 
three  French  flash  sections  reported  i6|  per  cent,  and  the  three 
American  sound  sections  reported  21  per  cent.  In  a  period  of 
two  weeks  when  the  advance  had  been  temporarily  checked  by  the 
enemy  the  total  number  of  locations  was  392  and  the  percentages 
were :  From  three  American  flash  sections,  38  per  cent. ;  from 
two  French  flash  sections,  8  per  cent.,  and  from  three  American 
sound  sections,  54  per  cent.  In  another  and  very  active  sector  the 
figures  were :  During  a  period  of  three  days'  preparation  for  an 
advance,  sound  locations,  22;  flash,  22;  balloons,  o;  aviation,  o. 
During  a  period  of  sixteen  days  of  rapid  advance  :  Sound,  4;  flash, 
46;  balloons,  30;  aviation,  15.  During  a  period  of  four  days  of 
stabilization  :  Sound,  6;  flash,  34;  balloons,  13 ;  aviation,  15.  These 
figures  are  fairly  characteristic.  During  preparations  for  an 
advance,  both  the  sound  and  flash  sections  are  very  useful  sources 
of  information.  During  rapid  advance  the  sound  rangers  do  not 
get  into  action  as  often  as  the  flash  because  of  the  greater  technical 
difficulties.  During  this  period  the  major  part  of  the  informa- 
tion comes  from  the  aerial  observation. 

American  sound-ranging  sections  were  operating  on  the  front 
from  March,  1918,  until  the  armistice,  and  always  in  sufficient 
numbers.to  cover  the  sectors  held  by  American  troops  except  for  a 
j)ortion  of  the  front  of  the  Argonne  offensive  when  the  line  was 
moving  rapidly.  The  work  of  the  officers  and  men  of  the  74th 
Engineers  engaged  in  this  service  was  of  a  very  high  order,  and 
their  untiring  watchfulness  was  often  the  indirect  means  of  saving 
the  lives  of  coundess  of  their  fellow-soldiers  by  procuring  the 
information  needed  to  silence  the  fire  of  the  enemy  guns. 
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THE  AMERICAN  PITCHER  PLANTS. 

The  Sarraccniacea:  or  American  pitcher  plants  are  bog  plants. 
In  this  family  of  plants,  the  entire  leaf  has  become  a  pitcher  with 
terminal  lid  or  bilobed  flap.  The  pitcher  proper  is  the  hollowed- 
out  midrib  of  the  leaf,  in  front  of  which  is  the  wing  that  repre- 
sents the  fused  halves  of  the  blade  in  Darling tonia  and  the  Sarra- 
cenias;  the  halves  are  distinct  but  closely  opposed  in  Heliamphora. 
The  lid  in  Heliamphora  and  the  Sarracenias  and  the  bilobed  flap 
in  DarlingtoHia  represent  a  portion  of  the  blade  early  separated 
off  from  the  wing  below  as  a  result  of  the  hollowing-out  of  the 
midrib  between  the  two  separated  parts  of  the  blade. ^  The 
developing  pitcher  and  lid  form  an  envelope  about  a  her- 
metically sealed  space — the  pitcher  cavity.  As  maturity  is 
reached,  the  lid  and  the  lips  of  the  pitcher  open,  and  remain  in 
that  position  permanently. 

The  pitcher  and  lid  or  bilobed  flap  form  a  highly  developed 
insect  trap.  The  entire  outside  epidermis  of  the  pitcher  is  dotted 
with  nectar  glands  and  forms  the  "alluring  surface."  These 
glands  are  especially  abundant  on  the  "  attractive  zone,"  which 
consists  of  the  inner  surface  of  the  lid  or  bilobed  process  and  the 
edge  of  the  recurved,  thickened  rim  that  surrounds  the  orifice  of 
the  pitcher.  In  Heliamphora  and  the  Sarracenias,  the  inner  sur- 
face of  the  lid  is  provided  with  numerous  hairs  which  are  directed 
downward.    In  Darlingtonia,  the  inner  surface  of  the  bilobed  flap 

*  Communicated  by  Dr.  Hepburn,  member  of  the  Institute,  and  Secretary 
of  the  Section  of  Physics  and  Chemistry.  Presented  before  the  Graduate 
Botanical  Club  of  the  University  of  Pennsylvania  on  November  3,  1919,  and 
before  the  Physics  Club  of  Philadelphia  on  November  14,  1919. 
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Radiograph  of  open  pitchers  of  Sarracenia  purpurea  (full  size)  containing  prey.  The  liquid 
pitcher  contents  have  been  removed;  the  dense  shadow  represents  the  mass  of  captured  insects 
in  the  lower  part  of  the  pitcher;  moths,  beetles  and  flies  were  identified  among  the  captures. 
Kadiograph  by  Goodspeed, 
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is  provided  with  similar  hairs  which  are  directed  toward  the 
mouth  of  the  pitcher.  The  interior  of  the  pitcher  may  be  divided 
into  two  regions.  The  upper  or  "  conducting  "  zone  has  an 
extremely  smooth  lining.  The  lower  or  ''  detentive  "  zone  con- 
tains long,  tapered,  downwardly  directed  hairs. 

The  pitcher  secretes  a  fluid  or  pitcher  liquor  even  before  the 
lid  and  the  lips  have  opened.  This  secretion  varies  in  amount 
with  the  species;  it  may  be  merely  a  studding  of  minute  drops  of 


Section  of  open  pitcher  of  Sarracenia  purpurea  according  to  Macfailane,  showing  the  wing 
at  the  left,  the  hairy  lid,  the  smooth  conducting  surface  below  the  rim,  the  smooth  glandular 
area  (characteristic  of  this  species),  and  the  deter.tive  zone  with  its  downward-pointing  hairs. 

fluid  on  the  lining  in  the  lower  portion  of  the  pitcher;  or  it  may 
fill  the  pitcher  cavity  to  the  depth  of  several  inches.  The  pitcher 
liquor  increases  in  volume  after  the  lid  and  lips  have  opened, 
and  may  be  further  increased  in  certain  species  by  rain  water  or 
by  floods  in  their  native  habitat. 

Great  numbers  of  insects  are  attracted  by  the  exuding  nectar, 
probably  also  by  the  brilliant  color  and  flower-like  shape  of  the 
pitcher,  and  a  very  perceptible  fruity  or  honey-like  fragrance 
during  the  period  of  nectar-exudation.  A  creeping  insect  is 
tempted  upward  by  the  nectar  on  the  alluring  surface,  ind  finds 
its  way  to  the  attractive  surface.     A  flying  insect  alights  on  some 
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part  of  the  expanded  upper  portion  of  the  pitcher.  The  insects 
sip  the  nectar,  either  at  the  rim  of  the  pitcher,  or  on  the  inner 
surface  of  the  lid  or  bilobed  flap,  where  their  course  is  directed 
toward  the  pitcher  cavity  by  the  hairs.  In  either  case,  they  step 
upon  the  smooth  conducting  surface,  which  affords  no,  or  a  very 
insecure,  foothold,  and  are  precipitated  into  the  pitcher  cavity. 
Their  escape  is  prevented  by  the  hairs  of  the  detentive  zone  and 
by  the  smooth  lining  of  the  conducting  zone.  In  some  species, 
the  pitcher  liquor  apparently  exerts  either  a  wetting  or  a  stupefy- 
ing action  on  the  prey.  The  captured  insects  then  are  drowned 
and  undergo  digestion. 

In  this  paper  the  species  of  the  Sarraceniacece  will  be  enumer- 
ated, and  their  geographical  distribution  given.  Observations  on 
the  nectar,  and  on  both  the  wetting  and  the  digestive  power  of 
the  pitcher  liquor  will  be  reported.  A  full  account  will  then  be 
given  of  the  studies  on  absorption,  by  the  pitchers,  of  compounds 
introduced  into  the  pitcher  cavity.  Lastly,  the  increased  secretion 
of  liquor  by  the  pitchers  in  response  to  stimulation  by  introduced 
substances,  and  their  response  to  introduced  acid  and  alkali  will 
be  described. 

CLASSIFICATION    AND    GEOGRAPHICAL   DISTRIBUTION. 

The  family,  Sarraceniacece,  is  divided  by  Macfarlane  ^  into 
three  genera  which  include  nine  species : 

Genus.  Species. 

HcUamphora  H.  nutans 

Darlingtonia  D.  calif ornica 

Sarracenia  S.  minor 

S.  Sledgci 
S.  flava 

S.  Drummondii 
S.  rubra 
S.  purpurea 
S.  psillacina 

The  plants  of  this  family  have  their  native  habitat  in  bogs. 

The  genus  hicliamphora,  with  its  single  species  //.  nutans,  has 
been  reported  only  from  Mount  Roraima  between  British  Guiana 
and  Venezuela. 

The  genus  Darlingtonia,  with  its  single  species  1).  calif  ornica, 
occurs  only  in  the  mountain  bogs  of  northern  California  and  south- 
west Oregon. 
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The  genus  Sarraccnia  is  found  in  eastern  North  America. 
Sarracenia  purpurea  ranges  from  Labrador,  Newfoundland,  and 
Manitoba  to  the  Gulf  of  Mexico.  None  of  the  other  six  species 
of  this  genus  occurs  north  of  V'irginia  or  west  of  Texas;  their 
southern  limit  is  the  Gulf  of  Mexico. 

THE    NECTAR. 

Chemical  tests  show  the  presence  of  sugar  in  the  nectar. 
Each  of  the  following  species  was  studied  separately :  Darling- 
tonia  calif  ornica,  Sarracenia  minor,  S.  Slcdgci,  S.  flava,  S.  Drum- 
niondii.  and  ^".  purpurea.  An  aqueous  solution  of  the  nectar  was 
obtained  by  washing  with  distilled  water  the  tops  of  either  25  or 
50  pitchers  which  were  exuding  nectar.  Each  of  the  six  solutions 
thus  prepared  reduced  Benedict's  copper  solution,  showing  the 
presence  of  a  reducing  sugar;  each  yielded  the  characteristic 
crystals  of  phenylglucosazone  with  phenylhydrazine ;  and  each 
gave  a  distinct  crimson  solution  when  heated  on  the  water  bath 
with  resorcin  and  hydrochloric  acid  (the  Seliwanoff  reaction  for 
ketose  sugars).  These  reactions  would  suggest  the  presence  of 
either  fructose  or  invert  sugar  in  the  nectar.  The  solution  of 
the  nectar  of  Darlingtonia  calif  ornica  was  Isevorotatory ;  both  the 
optical  rotatory  power  and  the  copper  reducing  power  of  this 
solution  were  determined  quantitatively;  the  results  indicated  the 
sugar  to  be  rf- fructose. 

ACTION  OF  THE  PITCHER  LIQUOR  ON  LIVING  INSECTS. 

Mellichamp  ^.  ^  found  that  the  pitcher  liquor  of  Sarraccnia 
variolaris  (S.  minor)  exerted  an  intoxicating,  anaesthetic,  or  nar- 
cotic action  on  house  flies,  a  cockroach,  a  moth,  and  a  common 
house  spider.    His  results  were  confirmed  by  Watson.'* 

One  of  us  (Jones)  has  found  during  the  present  research  that 
the  liquor  from  both  closed  and  open  pitchers  of  Sarraccnia 
flava  exerts  a  wetting  or  stupefying  action  on  large  ants.  He  has 
also  found  that  the  liquor  from  both  closed  and  open  pitchers  of 
Darlingtonia  calif  ornica  does  not  exert  such  an  action  on  large 
ants,  bumble  bees,  or  locusts  ("grasshoppers").  The  wetting 
or  narcotic  principle — when  present — apparently  is  not  a  saponin, 
for  we  have  obtained  a  negative  result  when  the  haemolysis  test 
for  a  saponin  was  applied  to  liquor  from  closed  pitchers  of  Dar- 
lingtonia calif  ornica,  Sarracenia  flava,  S.  Sledgei,  and  S.  Drum- 
mondii,  and  from  open  pitchers  of  S.  flava,  and  5".  purpurea. 
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PROTEOLYTIC    ENZYMES   AND   BACTERIA   OF   THE  PITCHER   LIQUOR. 

Zipperer  ■'  found  that  the  pitcher  liquor  of  Sarracenia  pur- 
purea dissolved  coagulated  tgg  white.  He  decided  that  a  peptoniz- 
ing enzyme  was  secreted  by  the  pitcher  and  digested  the  prey. 

Fenner  ^  concluded  that  the  pitchers  of  Sarracenia  flava  like- 
wise secrete  an  enzyme  which  digests  the  captured  insects. 

Batalin/  who  studied  Darlingtonia  californica,  Sarracenia 
variolaris  {S.  minor),  S.  flava,  and  vS".  purpurea,  speaks  of  the 
secretion,  by  the  pitchers  of  these  species,  of  a  solvent  for  diges- 
tion of  proteins. 

Lambert  ^  apparently  considered  that  the  pitchers  of  Sarra- 
cenia purpurea  secrete  a  proteolytic  enzyme  similar  to  pepsin. 

Hepburn,  St.  John,  and  Jones  ^  detected,  in  the  pitcher  liquor 
of  Sarracenia  flava,  a  proteolytic  enzyme  which  digested  carmine 
fibrin.  They  also  found,  in  the  contents  of  open  pitchers  of 
S.  minor  and  5*.  flava,  proteolytic  bacteria  which  digested  various 
proteins.  These  studies  have  been  extended  to  the  other  North 
American  pitcher  plants  growing  in  their  native  habitat.  The  re- 
sults may  be  summarized  briefly.  Darlingtonia  californica  appar- 
ently does  not  secrete  a  proteolytic  enzyme,  for  its  pitcher  liquor 
does  not  digest  carmine  fibrin  in  neutral  solution,  or  in  the  presence 
of  either  0.2  per  cent,  hydrochloric  acid  or  0.5  per  cent,  sodium  car- 
bonate. In  the  genus  Sarracenia,  proteolytic  enzymes  (proteases) 
occur  in  the  pitcher  liquor  of  S.  minor,  S.  Sledgei,  S.  flava,  S. 
Drummondii,  S.  rubra,  and  5".  purpurea.  The  protease  in  the 
pitcher  liquor  of  6".  minor  and  S.  flava  digests  carmine  fibrin, 
best  in  the  presence  of  a  dilute  acid  (0.2  per  cent,  hydrochloric)  ; 
the  protease  in  the  pitcher  licjuor  of  the  other  species  mentioned 
digests  carmine  fibrin,  best  in  an  alkaline  solution  containing 
0.5  per  cent,  or  less  sodium  carbonate.  The  enzyme  usually  is 
present  in  the  liquor  before  the  pitcher  has  opened.  On  account 
of  the  small  size  of  the  pitchers,  and  the  small  volume  of  their 
contents  in  Sarracenia  psittacina,  tests  for  a  protease  in  the  pitcher 
liquor  and  a  bacteriological  study  of  the  pitcher  contents  have 
not  yet  been  undertaken  with  this  species. 

Certain  flies  of  the  genus  Sarcophaga  pass  their  entire  larval 
stage  within  the  Sarracenia  pitchers,  living  on  the  captured  insects. 
These  larvie  contain  antiproteases;^"  this  indicates  that  the  pro- 
teases which  occur  in  the  pitcher  liquor  exert  a  digestive  action 
on  proteins  present  within  the  pitcher  cavity. 


Feb..  1920.]   Nutrient  Absorption — Sarraceniace^.  153 

In  closed  pitchers,  the  pitcher  cavity  and  hqiior  are  bacterio- 
logically  sterile.  This  conclusion  is  based  on  the  bacteriological 
examination  of  44  pitchers,  the  lids  of  which  had  not  yet  begun 
to  open.  Each  pitcher  was  examined  separately.  These  pitchers 
were  obtained  from  the  following  species :  Darlingtonia  calif or- 
nica,  Sarraccnia  minor.  S.  Sledgei,  S.  flava,  S.  Drummondii,  and 
.S".  purpurea. 

Bacteriological  study  was  also  made  of  the  contents  of  open 
pitchers  of  the  six  species  just  mentioned.  All  the  pitchers  used 
contained  captured  insects.  The  contents  of  31  pitchers  were 
studied  separately,  and  three  examinations  were  made  on  com- 
posite samples  obtained  from  four  or  five  pitchers;  hence  34 
samples  in  all  were  examined.  These  pitchers  always  contained 
proteolytic  bacteria  which  produced  some  or  all  of  the  following 
changes  when  sown  on  suitable  media:  Liquefaction  of  gelatin, 
coagulation  and  digestion  of  the  proteins  in  milk,  digestion  of 
coagulated  serum  albumin  (Loeffler's  blood  serum  medium), 
digestion  of  coagulated  proteins  of  whole  tgg  (Dorset's 
tgg  medium). 

ABSORPTION   FROM   THE  PITCHER   CAVITY. 

Our  studies  show  that  the  pitchers  of  the  Sarracenias  secrete 
a  proteolytic  enzyme,  and  that  proteolytic  bacteria  are  present  in 
the  pitchers  of  both  Darlingtonia  and  the  Sarracenias,  in  the 
captured  insects  and  the  liquor  surrounding  them.  Therefore  at 
least  two  means  exist  for  the  digestion  of  the  prey.  A  third 
possible  factor  is  the  autolysis  of  the  insect  cadavers,  i.e.,  their 
digestion  by  the  enzymes  of  their  own  tissues.  Since  digestion  of 
the  prey  occurs  in  the  pitchers,  the  question  arises  whether  the 
pitcher  absorbs  the  products  of  the  digestion,  and  thereby  makes 
them  available  for  the  nutrition  of  the  plant.  Several  previous 
investigators  have  endeavored  to  determine  whether  absorption 
occurs  in  the  pitcher  cavity. 

Edwards  ^^  considered  that  absorption  does  not  occur  in 
the  pitchers  of  Darlingtonia  calif ornica.  He  wrote:  "I  do  not 
attempt  to  speak  authoritatively  upon  the  subject,  but  I  am  inclined 
to  think  that  no  process  similar  to  digestion  goes  on  within  the 
plant,  but  that  the  fluid  mass  derived  from  the  decay  of  the 
imprisoned  insects  descends  through  the  tube  into  the  earth,  and 
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is  taken  up  by  absorption,  through  the  roots,  thus  acting  as  a 
kind  of  Hquid  manure." 

BataHn  "  observed  certain  changes  in  the  pitcher  Hning  of 
Darlingtonia  calif ornica,  Sarracenia  variolaris  {S.  minor),  S. 
iiava,  and  5.  purpurea,  after  insects  had  been  captured.  The 
pitcher  cavity  is  lined  with  epidermal  cells.  The  outer  layer  of 
the  wall  of  these  cells  is  the  cuticular  layer,  and  its  outermost 
portion  the  cuticula.  When  the  body  of  a  captured  insect  adhered 
to  the  lining  of  the  pitcher,  the  cuticula  and,  at  times,  the  entire 
cuticular  layer  was  cast  off  from  the  underlying  cells.  Batalin 
concluded  that  this  change  in  their  cell-wall  occurred  so  that  the 
cells  might  absorb  nitrogenous  compounds  from  the  captured 
insects,  and  thereby  satisfy  the  nitrogen  requirement  of  the  plant. 

Schimper  ^^  compared  the  microscopic  structure  of  pitchers  of 
Sarracenia  purpurea  which  contained  captured  insects  or  into 
which  meat  had  been  introduced,  with  that  of  pitchers  of  the 
same  species  which  had  been  starved  by  plugging  the  mouth  with 
tissue  paper  as  soon  as  the  lid  had  opened.  The  "  nourished  " 
and  the  "  starved  "  pitchers  differed  markedly  with  respect  to  the 
histological  structure  of  the  protoplasm  in  the  epidermal  cells  in 
the  bottom  portion  of  the  pitcher  and,  to  a  lesser  degree,  in  the 
cells  of  the  adjacent  subepidermal  layer.  This  difference  in  struc- 
ture was  taken  as  evidence  of  absorption. 

The  experiments  of  Fenner  •^  were  made  on  Sarracenia  flava. 
He  noted  a  typical  aggregation  and  turbidity  of  the  contents  of  the 
cells  in  the  bottommost  zone  when  the  pitcher  contained  freshly 
captured  insects.  This  was  most  marked  in  the  innermost  layer 
of  the  pitcher-wall.  A  large  number  of  dark  masses  occurred  in 
the  second  layer  of  cells  of  the  pitcher  lining  in  this  zone.  These 
changes  in  the  cell  contents  were  attributed  to  the  absorption  df 
organic  sulxstances.  When  water  or  meat  juice  was  introduced 
into  a  pitcher,  it  decreased  in  volume  after  a  time,  even  though 
the  mouth  of  the  pitcher  was  closed  with  a  cotton  plug  to  prevent 
evaporation;  therefore  absorption  occurred. 

Goebel  ''^  conducted  experiments  on  Darliiij/foiiia-  calif  ornica, 
Sarracenia  illustrata  (a  hybrid  between  S.  Ilava  and  .S\  purpurea), 
S.  Drununondii,  and  S.  purpurea.  A  definite  volume  of  water 
or  of  one  of  the  following  solutions  was  introduced  into  each 
l)itchcr  studied  :  i  per  cent,  formic  acid,  5  per  cent,  peptone,  dilute 
neutral  meat  infusion.    In  some  of  the  exj)eriments  a  minute  frag- 
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ment  of  meat  was  introduced  with  the  water;  fibrin  was  intro- 
duced with  the  formic  acid  solution.  Precautions  were  taken  to 
prevent  evaporation.  A  marked  decrease  in  the  vohime  of  the 
pitcher  contents  occurred  in  two  days,  and  was  taken  as  evidence 
of  absorption. 

Lambert  ^  tested  the  absorptive  power  of  the  pitchers  of 
Sarraccnia  purpurea  by  means  of  certain  dyes.  Several  drops 
of  a  solution  of  a  crystalloid  stain,  such  as  methylene  blue  or 
fuchsin.  were  added  to  the  pitcher  contents;  and  the  pitcher  was 
cut  open  approximately  two  hours  later.  Staining  had  occurred 
only  in  the  wall  of  the  bottom  region,  also  called  the  absorptive 
zone  or  "  stomach."  The  blue  or  red  color,  according  to  the 
stain  used,  was  found  only  in  the  internal  epidermis  and  one  or 
two  layers  of  subepidermal  "  digestive  cells  "  which  are  charac- 
teristic of  this  zone.  A  highly  concentrated  solution  of  methylene 
blue,  introduced  into  living  pitchers,  produced  the  same  result 
whether  its  period  of  action  was  several  hours  or  an  entire  week. 
The  epidermis  and  digestive  cells  alone  were  stained.  The  stain 
was  absorbed,  then  localized;  and  a  limit  was  thus  placed  on  the 
total  amount  of  absorption.  Lambert  concluded  that  the  prey 
is  digested  with  the  production  of  peptones,  which  are  absorbed 
by  the  epidermal  cells  and  localized  by  the  digestive  cells. 

Higley  ^^  applied  the  methods  of  quantitative  chemical 
analysis  in  studying  absorption  from  the  pitcher  cavity  in  Sarra- 
ccnia purpurea.  He  made  several  sets  of  experiments.  In  each 
set  he  used  two  pitchers  of  the  same  age  and  size,  growing  on 
the  same  plant,  and  containing  the  same  volume  of  liquor  and 
approximately  the  same  amount  of  insect  remains;  the  pitchers 
selected  contained  but  few^  captured  insects.  A  quantitative  de- 
termination of  the  "  organic  ammonia  "  was  immediately  made 
on  the  fluid  from  one  of  the  pitchers.  The  other  pitcher  was 
protected  so  that  rain  could  not  enter,  and  left  thus  for  one  week ; 
then  the  "  organic  ammonia  "  content  of  its  fluid  was  determined, 
and  compared  with  that  of  the  first  pitcher.  "  The  fluid  showed 
a  decided  decrease  in  each  case,  from  the  amount  found  in  the 
one  used  in  comparison.  Though  these  analyses  were  perhaps 
quite  far  from  sure  in  every  detail,  yet  the  average  difference  on 
comparison,  vie,  sixty  parts  in  one  hundred,  would  indicate  quite 
rapid  absorption,  for  such  an  amount  could  not  possibly  be  re- 
moved in  any  other  way." 
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Darwin  ^"^  cites  Burnett  ^^  as  stating  that  "  Sarracenice,  if 
kept  from  the  access  of  flies,  are  said  to  be  less  flourishing  in  their 
growth  than  when  each  pouch  is  truly  a  sarcophagus."  This 
observation  would  indicate  that  these  plants  al)sorlj,  and  are  nour- 
ished by,  products  formed  in  the  pitchers  from  the  captured  insects. 

To  sum  up,  previous  investigators  have  given  as  evidence  of 
absorption :  ( i )  histological  changes  in  either  the  cell  wall  or 
cell  contents  of  the  pitcher  lining;  (2)  a  decrease  in  the  volume 
of  solutions  introduced  intO'  the  pitcher  cavity;  (3)  absorption  of 
stains,  and  (4)  changes  in  the  "  organic  ammonia  "  content  of  the 
pitcher  liquor! 

A  decrease  in  the  volume  of  an  introduced  solution  indicates 
absorption  of  water,  but  not  necessarily  of  the  solute  or  dis- 
solved substance.  Apparently  no  one,  as  yet,  has  introduced  a 
known  weight  of  a  nutrient  compound  into  a  pitcher  of  any 
of  the  North  American  pitcher  plants,  and  studied  its  absorption 
quantitatively.  However,  one  such  experiment  has  been  made 
by  Clautriau,^"  who  demonstrated  by  this  means  the  absorption 
of  the  proteins  of  egg-white  by  a  pitcher  of  Nepenthes  Masters- 
iana,  which  belongs  to  the  Nepenthaccce  or  oriental  family  of 
pitcher  plants. 

ABSORPTION  TESTS. 

Absorption  tests  have  been  made  in  the  field  on  the  following 
species  and  at  the  following  places : 

Darlingtonia  calif ornica  at  Keddie,  Plumas  County,  California. 
Sarracenia  Sledgci  at  Theodore,  Mobile  County,  Alabama. 
Sarraccnia  Aava  at  De  Funiak  Springs,  Walton  County,  Florida : 

and  at  Summerville,  Berkeley  County,  South  Carolina. 
Sarracenia  Drummondii  at  Theodore,  Mobile  County,  .Alabama. 
Sarraccnia  purpurea  in  Tolland  County,  Connecticut. 

Vigorous  plants  of  Sarracenia  purpurea  were  obtained  at 
Whitings,  Ocean  County,  New  Jersey,  and  used  in  laboratory 
experiments  on  absorption;  they  were  planted  in  sphagnum  moss; 
and  the  pots  were  kept  filled  with  water.  The  plants  were  kept 
in  the  laboratory  for  several  weeks;  they  retained  their  vigor 
and  produced  new  pitchers.  While  our  experiments  were  con- 
ducted on  freshly  gathered  plants,  we  have  mamtained  plants  in 
the  laboratory  for  as  long  as  five  months. 

A  separate  series  of  experiments  was  made  concerning  the 
absorption  from  the  pitcher  cavity  of  each  of  the  following: 
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1.  Water. 

2.  Xitrogenous  compounds — chiefly  organic. 

3.  Organic  nitrogenous  compounds  in  the  presence  of  a  "buffer."' 

4.  Phosphates. 

5.  The  lithium  ion. 

Absorption  of  water  was  studied  by  observation  of  the  changes 
in  the  vohime  of  the  pitcher  contents  after  introduction  of  a 
definite  vohune  of  water. 

Absorption  of  nitrogenous  compounds  and  of  phosphates  was 
measured  by  the  retention  of  nitrogen  or  phosphates  by  the  plant. 
For  the  study  of  nitrogen  retention,  a  sohition  containing  a  known 
weight  of  a  nitrogenous  compound  was  introduced  into  a  pitcher; 
the  fluid  remaining  in  the  pitcher  was  withdrawn  at  the  end  of  a 
given  time;  and  the  amount  of  nitrogen  present  in  it  was  deter- 
mined. The  difference  between  this  weight  and  the  weight  of  nitro- 
gen introduced  was  the  weight  of  nitrogen  absorbed  by  the  pitcher 
and  retained  by  the  plant.  Retention  of  phosphates  was  studied 
irt  exactly  the  same  manner,  using  a  solution  of  phosphates,  and 
making  determinations  of  phosphoric  oxide. 

All  the  nitrogen  compounds  used  in  these  experiments  were 
non-volatile,  hence  could  not  escape  from  the  pitcher.  In  one 
series  of  tests  of  nitrogen  absorption,  a  "  buffer  "  solution  was 
added  to  the  pitcher  contents  to  prevent  the  escape  of  any  volatile 
nitrogenous  com])ounds,  possibly  formed  by  reactions  occurring 
in  the  pitcher  cavity. 

In  the  experiments  on  the  absorption  of  the  lithium  ion,  lith- 
ium, which  does  not  normally  occur  in  the  tissues  of  the  pitcher, 
was  found  in  those  tissues  after  its  absorption  from  the  pitcher 
contents  to  which  it  had  been  added. 

ABSORPTION  OF  WATER. 

Technic. — The  average  volume  of  the  true  pitcher  liquor 
(not  diluted  by  rain)  was  determined  for  certain  species  by 
actual  measurement  of  the  amount  in  large,  vigorous  pitchers. 
The  upper  portions  of  the  pitcher  were  clipped  ofif  with  scissors 
until  the  pitcher  liquor  was  within  reach  of  a  plain  pipette,  the 
lower  portion  of  which  was  of  fine  bore.  After  each  portion  of 
liquor  was  removed  with  the  pipette,  another  section  of  the  pitcher 
was  cut  away;  and  this  procedure  was  repeated  until  all  the  liquor 
had  been  collected  from  the  pitcher.    The  total  liquid  contents  of  a 
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definite  nvimber  of  pitchers  were  thus  collected  in  a  stoppered 
vial ;  the  total  volume  was  then  determined  in  a  narrow  graduated 
cylinder;  and  the  average  volume  was  calculated.  This  technic 
was  found  most  satisfactory  for  field  work  in  the  bogs  which 
are  the  native  habitat  of  these  plants.  The  average  volume,  the 
number  of  lots  of  pitchers  studied  and  the  total  number  of  pitchers 
used  in  obtaining  the  average  are  given  in  Table  I. 

Table  I. 
Average  Volume  of  Liquor  in  the  Pitchers  of  Certain  Sarraceniacece. 


Genus  and  species. 

Condition 
of  pitchers. 

Xumber  of 
lots  measured. 

Total  number 

of  pitchers 

used. 

Average 

volume  of 

pitcher  liquor. 

Darlingtonia  californica .... 
Darlingtonia  californica. . .  . 

Sarracenia  Sledgei 

Sarracenia  flava 

Sarracenia  flava 

Sarracenia  Drummondii .  .  . 

Closed 

Open 

Open 

Closed 

Open 

Open 

10 

5 
3 
6 

4 
4 

353 
i6i 

74 
566 
i6o 

138 

c.c. 
1.08 
2.80 
0.38 
0.66 
1.50 
0.58 

Water  was  introduced  into  pitchers  of  the  same  size  and  vigor 
as  those  used  in  the  determination  of  the  average  volume  of  the 
pitcher  liquor.  With  open  pitchers,  a  definite  volume  of  water 
was  poured  from  a  narrow  graduated  cylinder  into  the  mouth  of 
the  pitcher:  the  top  of  the  pitcher  was  folded  over;  and  one  or 
more  pins  were  passed  through  the  double  fold.  The  pitchers 
were  thus  sealed,  but  were  not  injured;  none  of  the  tissues  with- 
ered, not  even  the  folded-over  tops.  Entrance  of  rain  water  and 
of  insects  was  prevented.  Identification  labels  of  paper  were 
inserted  in  the  double  fold,  and  were  held  in  place  by  the  pins. 
With  closed  pitchers,  the  top  of  the  ])itcher  was  cut  off  just  be- 
neath the  lips  or  ])itcher  rim;  a  definite  volume  of  water  was 
poured  into  the  pitcher  cavity  from  a  narrow  graduated  cylinder; 
and  the  upper  portion  of  the  pitcher  was  folded  over  and  sealed  as 
with  open  pitchers;  the  pitchers  remained  green  and  vigorous. 

After  the  lapse  of  a  definite  period  of  time,  the  contents  of 
these  ])itchers  were  collected,  and  tlicir  average  volume  deter- 
mined. The  technic  was  that  used  in  the  determination  of  the 
average  volume  of  ])itcher  licpior  as  described  above. 

['Results. — These  experiments  are  summarized  in  Table  II. 
The   "shrinkage"   was  obtained   as    follows:    b'rom   the   sum  of 
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the  volume  of  water  iiUroduced  plus  the  average  volume  of  pitcher 
liquor  was  subtracted  the  average  volume  of  the  pitcher  contents 
at  the  end  of  the  experiment.  For  instance,  open  pitchers  of 
Sarnucnia  Drummondii  contain,  on  the  average,  0.58  c.c.  of 
pitcher  liquor;  each  pitcher  received  5.00  c.c.  of  water;  and  the 
average  volume  of  the  pitcher  contents  at  the  end  of  the  experi- 
ment was  3.60  c.c.  The  shrinkage  was  0.58  +  5.00-3.60  = 
1.98  c.c. 

The  pitcher  contents  of  these  species  were  so  protected  from 
rapid  evaporation  that  the  shrinkage  in  volume  must  be  con- 
sidered as  due  to  absorption  by  the  pitchers.  The  results  indicate 
that  but  little,  if  any.  absorption  occurred  in  closed  pitchers  of 

T.\BLE   II. 
Absorption  of  Water  from  the  Pitcher  Cavity  in  Certain  Sarraceniacece. 


Species. 

Condition 
of  pitchers. 

Number 

of 
pitchers 
used  in 
experi- 
ment. 

Volume 
of  water 
intro- 
duced 
into  each 
pitcher. 

Period 
of  ab- 
sorption. 

Average 
volume 
of  pitcher 
cont?nts 
at  end  of 
experi- 
ment. 

Shrinkage 
(allowance 

made  for 
average 

volume  of 
pitcher 
liquor). 

Darlingtonia  californica.  . 
Darlingtonia  californica .  . 
Darlingtonia  califcrnica .  . 
Darlingtonia  californica .  . 
Darlingtonia  californica .  . 

Sarracenia  Sledgei 

Sarracenia  flava 

Sarracenia  flava 

Sarracenia  Drummondii.  . 

Closed .  . 
Closed .  . 
Closed .  . 
Just  open 
Just  open 
Open . .  . 
Closed .  . 
Open .  .  . 
Open .  .  . 

12 

5- 
5 
5 
4 
20 

4 

4 

15 

c.c. 
3.00 
3.00 
3.00 
3.00 
3.00 
5.00 
10.00 
10.00 

5.00 

hour's 

24 

72 
144 

72 
144 

7 
48 
48 

7 

c.c. 
4.16 
3-94 
3-94 
5-16 
4-37 
2.95 
6.95 
6.80 
3.60 

c.c. 
none 
0.14 
0.14 
0.64 
1-43 
2-43 
371 
4.70 
1.98 

Darlingtonia  californica;  in  open  pitchers  of  this  species,  w^ater 
was  absorbed,  and  the  volume  absorbed  increased  wath  the  period 
of  absorption.  The  volume  of  water  absorbed  was  greater  in 
open  than  in  closed  pitchers  of  Sarracenia  flava,  other  factors 
being  equal.  Absorption  of  water  also  occurred  in  open  pitchers 
of  S.  Sledgei  and  S.  Drummondii. 

In  a  laboratory  experiment,  seven  young,  vigorous,  fully 
opened  pitchers  of  Sarracenia  purpurea,  approximately  equal  in 
size,  were  freed  from  insect  remains  by  thorough  w-ashing  with 
distilled  water,  which  w^as  then  completely  removed  with  a  pipette. 
Ten  r  10.00)  c.c.  of  distilled  water  were  introduced  from  a  pipette 
into  each  empty  pitcher,  which  was  then  closed  with  a  tightly 
fitting  cotton  plug.    Ten  days  later,  the  water  was  removed  from 
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each  pitcher  with  a  serological  pipette.  The  volumes  obtained 
from  the  individual  pitchers  were  o.oo,  6.00,  7.30,  8.10,  7.90,  6.95, 
and  6.10  c.c,  respectively,  the  average  volume  6.05  c.c.  This 
experiment  was  repeated  with  six  pitchers  of  approximatelv  the 


Mature  plant  of  Darlinglonia  califurnica.  showing  the  twisted  pitcher,  and  expanded  hood 
with  the  orifice  below,  the  translucent  window-like  spots,  and  the  pendant  bilobed  flap.  Photo- 
graphed in  Plumas  County,  California,  where  the  pitchers  commonly  attain  a  height  of  io  to 
30  inches. 

same  size,  each  pitcher  receiving  10.00  c.c.  of  distilled  water; 
twenty-one  days  later,  four  pitchers  contained  no  liquid,  the  other 
two  contained  i.io  and  6.90  c.c,  respectively  ;  therefore  the  aver- 
age volume  remaining  in  the  pitchers  was  1.33  c.c.  The  average 
shrinkage  in  volume  increased  with  the  time,  i.e.,  was  greater  in 
twenty-one  days  than  in  ten  days.    The  decrease  in  volume  of  the 
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water  in  the  short  broad  pitchers  of  this  species  might  be  due 
to  either  absorption  or  evaporation,  or  to  their  combined  action. 
The  mouth  of  each  pitcher  had  been  tightly  closed  with  a  cotton 
plug  to  reduce  evaporation  to  a  minimum ;  and  the  plants  were 
growing  above  an  open  surface  of  water.  Moreover,  decrease 
in  volume  of  the  pitcher  contents  due  to  evaporation  would  have 
been  approximately  equal  in  all  the  pitchers  of  each  series.  There- 
fore, the  decrease  in  volume  must  have  been  due,  in  part  at  least, 
to  absorption  of  water. 

ABSORPTION  OF  NITROGENOUS  COMPOUNDS. 

The  experiments  just  described  demonstrated  the  absorption 
of  water  from  the  pitcher  cavity  by  the  plant.  Tests  were  next 
made  on  the  absorption  of  various  non-volatile  nitrogenous  com- 
pounds when  their  aqueous  solutions  were  introduced  into  the 
pitchers.  Each  nutrient  solution  contained  but  one  of  the  follow- 
ing nitrogenous  compounds : 

Ammonium  chloride 

Ammonium  tartrate 

Acetamide 

Urea 

Asparagin 

Glycocoll. 

Trypsinized  peptone 

Peptone  (Witte) 

Egg  albumin 

On  digestion,  a  protein  passes  successively  through  the  stages 
of  protean,  meta-protein,  primary  proteose,  secondary  proteose, 
peptone,  peptides,  and  amino  acids.  Enzymes  like  pepsin  carry 
digestion  to  the  peptone  stage,  while  enzymes  like  trypsin  proceed 
farther  and  produce  amino  acids.  The  nutrient  compounds  repre- 
sented several  of  these  groups  of  proteolytic  products.  Egg  albu- 
min is  a  true  protein ;  Witte  peptone  represents  the  proteoses  and 
peptones ;  and  glycocoll  and  asparagin  are  amino  acids.  Trypsin- 
ized peptone  is  prepared  from  Witte  peptone  by  digestion  with 
tr}'psin,  and  probably  is  chiefly  a  mixture  of  peptides  and  amino 
acids.  Closely  related  to  the  amino  acids  are  the  acid  amides 
such  as  acetamide  and  urea  (the  diamide  of  carbonic  acid),  and 
the  ammonium  salts  such  as  ammonium  chloride  and  ammonium 
tartrate.  The  pitchers,  therefore,  received  nitrogenous  com- 
pounds of  all  stages  of  molecular  complexity  from  the  simple 
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Mature  plant  of  Sarracenia  Sledgei,  showinK  recently  opened  pitchers,  the  (lower  from  which 
the  petals  have  fallen,  and  the  shrivelled  i)itchers  of  the  preceding  season.  Photographed  at 
Biloxi,  Mississippi,  where  the  pitchers  commonly  attain  a  hciwht  of  i6  to  j.)  inches. 
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inorganic  ammonium  chloride  and  the  simple  organic  ammonium 
tartrate  to  the  highly  complex  egg  albumin. 

P^ach  nutrient  solution  was  prepared  immediately  prior  to  use. 
by  dissolving  the  finely  divided  compound  in  distilled  water,  and 


Group  of  Sarracenta  flava,  showing  open  pitchers,  photographed  in  midsummer  at  Southern 
Pines,  North  Carolina.  The  pitchers  of  this  species  attain  a  maximum  height  of  nearly  40 
inches,  though  commonly  between  20  and  30  inches  tall. 

filtering  if  necessary.  Heat  was  used  only  in  the  preparation  of 
the  solution  of  Witte  peptone;  the  filtered  solution  was  cooled 
to  atmospheric  temperature  prior  to  use.  The  solution  of  tryp- 
sinized  peptone  was  made  according  to  the  directions  of  Rivas.^^ 
As  a  rule,  the  .solutions  were  about  tenth  normal  for  nitrogen,  i.e., 
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contained  approximately  1.4  grams  nitrogen  per  litre.  A  definite 
volume  of  a  nutrient  solution  was  always  introduced  into  a 
pitcher;  the  same  volume  of  the  same  solution  was  used  for  the 
determination  of  the  exact  nitrogen  content  of  the  solution  by 
the  Gunning  modification  of  the  Kjeldahl  method. 

Technic. — The  procedure  with  the  tall  slender  pitchers  of 
Sarraccnia  Sledgei,  S.  Hava,  and  S.  Drummondii  was  somewhat 
different  from  that  with  the  short  broad  pitchers  of  S.  purpurea. 

In  plants  of  the  first  three  species,  the  shape  and  size  of  the 
pitcher  made  it  impossible  to  wash  out  the  pitcher  cavity  and 
remove  the  wash  water  before  introduction  of  the  nutrient  pep- 
tone solution.  Therefore,  the  peptone  solution  was  introduced 
directly  into  the  untreated  pitcher  cavity.  Pitchers  of  three  types 
were  used :  closed,  open,  and  plugged.  The  technic  for  closed 
pitchers  and  open  pitchers  was  that  used  for  such  pitchers  in  the 
experiments  on  the  absorption  of  water;  however,  a  peptone  solu- 
tion was  substituted  for  the  water.  Plugged  pitchers  were 
pitchers  which,  in  age  and  development,  were  open  and  active, 
but  had  been  kept  free  from  insect  captures.  Closed  pitchers, 
which  were  about  to  open,  were  selected ;  the  top  of  each  pitcher 
was  folded  over,  and  one  or  more  pins  were  passed  through  the 
double  fold;  a  paper  identification  tag  was  placed  in  the  fold. 
The  pitcher,  thus  sealed,  was  not  injured,  but  continued  to  grow, 
and  to  expand  its  top  even  above  the  fold ;  withering  of  the  tissues 
never  occurred.  After  the  lapse  of  seven  or  more  days,  the  pitcher 
was  used  in  an  absorption  experiment ;  the  procedure  was  that 
followed  with  closed  pitchers. 

Three  days  after  introduction  of  the  peptone  solution,  the 
liquid  remaining  in  the  pitcher  was  collected  as  in  the  experiments 
on  absorption  of  water.  At  times,  its  volume  was  measured  in  a 
narrow  graduated  cylinder.  The  liquid  was  then  ])reserved  with 
trikresol.  It  and  the  sample  of  the  peptone  solution  (likewise 
preserved  with  trikresol)  were  placed  in  stoppered  vials,  and 
brought  to  Philadeli)hia  for  determination  of  the  nitrogen  content. 

The  open  pitchers  of  Sarraccnia  purpurea  were  gently  flushed 
with  distilled  water  from  a  wash  bottle;  the  macerated  mass  of 
insects  was  scraped  from  the  ])itcher  walls  with  a  fine  loop  of 
platinum  wire;  the  pitcher  contents  were  then  removed  with  a 
pipette.  This  process  of  washing  was  repeated  several  times  until 
the  pitchers  were  as  free  as  possible  from  insect  remains.     .\ 
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Plant  of  Sarracenia  Drummondii,  showing  fully  open  pitchers,  ard  younger  pitchers  with 
closed  lids  and  lips.  Photographed  in  Mobile  County,  Alabama,  where  the  mature  pitchers 
commonly  attain  a  height  of  18  to  28  inches. 
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definite  volume — usually,  though  not  invariably,  lo.oo  c.c. — of  a 
nutrient  solution  was  introduced  by  means  of  a  pipette  into  the 
empty  pitcher,  and  the  mouth  of  the  pitcher  was  tightly  closed 
with  a  cotton  plug.  From  three  to  twelve  days  later,  the  plug 
was  removed ;  it  was  always  dry,  and  not  soiled  by  the  pitcher  con- 
tents. The  liquid  in  the  pitcher  was  drawn  up  into  a  serological 
pipette;  its  volume  was  noted;  and  it  was  transferred  to  a 
Kjeldahl  flask.  The  interior  of  the  pitcher  was  washed  with 
several  successive  portions  of  distilled  water;  these  were  trans- 
ferred in  turn  by  means  of  the  pipette  to  the  Kjeldahl  flask; 
and  the  nitrogen  content  of  the  combined  liquid  and  washings, 
which  had  a  total  volume  of  approximately  250  c.c,  was  deter- 
mined by  the  Gunning  method.  In  the  field  experiments  on  this 
species,  a  measured  volume  of  the  nutrient  solution  was  poured 
into  the  pitcher  from  a  narrow  graduated  cylinder.  The  sample 
of  the  nutrient  solution,  and  the  combined  liquid  and  washings 
from  each  pitcher  were  placed  in  a  separate  stoppered  vial,  pre- 
served with  trikresol,  and  brought  to  Philadelphia  for  analysis. 

All  determinations  of  nitrogen  were  made  by  the  Gunning 
modification  of  the  Kjeldahl  method.  If  in  a  vial,  the  liquid 
was  transferred  to  a  Kjeldahl  flask;  and  the  vial  was  washed 
with  several  successive  portions  of  distilled  water  which  were 
transferred  to  the  same  flask.  If  necessary,  the  liquid  from  the 
open  pitchers  of  Sarracenia  flava  was  filtered  to  remove  solid  insect 
remains,  then  was  analyzed.  A  crystal  of  cupric  sulphate  the  size 
of  a  small  grain  of  rice,  10  grams  of  potassium  sulphate,  and 
25  c.c.  of  concentrated  sulphuric  acid  were  added  to  the  contents 
of  the  flask,  which  were  then  heated  until  all  the  water  had 
evaporated.  The  determination  of  nitrogen  was  then  carried 
out  in  the  usual  way.  Tenth  normal  solutions  of  sulphuric  acid 
and  sodium  hydroxide  were  used  for  titration  of  the  ammonia, 
using  methyl  red  (orthocarboxybenzeneazodimethylaniline)  as 
an  indicator. 

Action  of  the  Nutrient  Solutions  on  the  Pitchers. — Of  all  the 
nutrient  solutions  used,  only  that  of  ammonium  chloride  exerted 
any  injurious  action  on  the  containing  pitchers.  On  the  third 
day  after  introduction  of  the  ammonium  chloride  solution,  the 
pitchers  were  still  normal.  By  the  sixth  day,  the  tip  of  the  lid  had 
withered;  and  by  the  tenth  day  the  withered  region  included  the 


Feb.,  19^0.]    XiTRiEXT  AnsoRrTiox — Sarracexiace.e.  167 

entire  lid  and  tlie  rim  of  the  pitcher.     On  the  other  hand,  ammo- 
nium tartrate  solution  had  no  injurious  action  on  the  pitchers. 

Tohiene  was  introduced  into  the  pitcher  with  the  peptone  solu- 
tion in  two  experiments  recorded  at  the  bottom  of  Table  III.  The 
pitchers  withered  above  the  level  of  their  contents,  but  were  not 
injured  below  that  level. 

Tabulation  of  the  Results. — Details  of  the  experiments  are 
given  in  Table  III.  Since  the  weight  of  nitrogen,  and  not  the 
weight  of  the  nutrient  compound,  was  determined,  weights  have 
been  reported  as  grams  of  nitrogen.  The  analysis  of  the  nutrient 
solution  showed  the  weight  of,  nitrogen  introduced;  analysis  of 
the  liquid  remaining  in  the  pitcher  several  days  later  gave. the 
weight  of  nitrogen  recovered  ;  the  former  weight  minus  the  latter 
weight  equalled  the  weight  of  nitrogen  absorbed.  The  weight 
of  nitrogen  absorbed  was  then  calculated  as  per  cent,  of  the 
weight  of  nitrogen  introduced. 

The  volume  of  solution  introduced  and  that  of  the  liquid 
remaining  in  the  pitcher  at  the  end  of  the  experiment  are  given; 
the  difiference  between  the  two  is  the  decrease  in  volume,  which 
has  also  been  calculated  as  per  cent,  of  the  volume  introduced. 
In  the  experiments  on  Sarraccnia  purpurea,  this  per  cent,  is  prob- 
abl}-  an  index  to  the  absorption  of  the  water. 

Absorption  by  the  Southern  Species. — Plugged  pitchers  of 
both  Sarra^enia  Sledgei  and  S.  Druninwndii,  and  both  closed  and 
open  pitchers  of  6".  flai'a  always  showed  a  marked  absorption  of 
peptone  in  three  days;  some  pitchers  absorbed  over  40  per  cent,  of 
the  introduced  peptone. 

In  the  calculation  of  the  absorption,  the  nitrogen  content  of  the 
pitcher  liquor  itself  and,  in  open  pitchers,  the  presence  of  soluble 
nitrogenous  compounds,  derived  from  the  prey,  have  been  neg- 
lected. They  would  increase  both  the  weight  of  nitrogen  present 
at  the  beginning  of  the  experiment  and  the  weight  of  nitrogen 
absorbed,  by  exactly  the  same  amount,  and  would  therefore  in- 
crease the  value  for  the  per  cent,  of  nitrogen  absorbed.  The 
influence  of  nitrogenous  compounds  derived  from  the  prey  would 
depend  on  the  size  and  number  of  captured  insects. 

The  nitrogen  content  of  the  pitcher  liquor  is  negligible.  It 
amounted  to  0.000036  gram  nitrogen  per  i  c.c.  of  liquor  in  a 
composite  sample  obtained  from  100  closed  pitchers  of  Sarra- 
ccnia flava.     A  composite  sample  from  50  open  pitchers  of  this 
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species  contained  0.000060  gram  nitrogen  per  i  c.c. ;  another  com- 
posite sample,  also  from  open  pitchers  of  this  species,  contained 
0.000050  gram  nitrogen  per  i  c.c,  giving  an  average  of  0.000055 
gram  per  i  c.c.  Each  sample  used  for  an  analysis  had  a  volume 
of  either  25  or  50  c.c.  The  average  volume  of  the  pitcher  liquor 
is  0.66  c.c.  in  closed  pitchers  and  1.50  c.c.  in  open  pitchers  of 
S.  flava  (Table  I),  0.38  c.c.  in  plugged  pitchers  of  6^.  Slcdgci 
(average  of  31  pitchers),  and  0.66  c.c.  in  plugged  pitchers  of 
S.  Drumniondii  (average  of  20  pitchers).  In  the  entire  series  of 
experiments,  the  influence  exerted  by  the  nitrogen  content  of  the 
pitcher  liquor  would  be  greatest  in  the  experiment  on  four  open 
pitchers  of  5.  flaz'a,  and  would  change  the  per  cent,  of  nitrogen 
absorbed  from  40.49  to  40.73,  an  increase  of  about  one-ciuarter 
per  cent. 

The  liquor  in  the  plugged  pitchers  may  be  considered  to  have 
the  same  nitrogen  content  as  that  in  the  closed  pitchers  of  5".  flaz'a. 
On  account  of  the  smaller  volume  of  the  pitcher  liquor  and  its 
lower  nitrogen  content,  the  increase  in  the  per  cent,  of  nitrogen 
absorbed,  due  to  the  nitrogen  content  of  the  liquor,  would  be 
considerably  less  in  both  closed  pitchers  and  plugged  pitchers 
than  in  open  pitchers. 

The  changes  in  volume  observed  in  the  contents  of  the  pitchers 
of  Sarracenia  Hava  may  be  recalculated,  taking  into  consideration 
the  liquor  present  in  the  pitcher  at  the  beginning  of  each  experi- 
ment and  using  the  average  volume  of  pitcher  liquor  as  given  in 
Table  I.  The  recalculated  percentage  decrease  in  volume  is  given 
below;  it  may  be  considered  to  represent  the  absorption  of  water. 
For  convenience,  the  per  cent,  of  introduced  nitrogen  absorbed 
is  repeated. 

Per  cent,  of        percentaRc 
introduced         decrease  in 

absXS.  -I--- 

I   CIcjscd   I'itcluM-    30.79  37-J5 

3  Closed  Pitcliers   42.08  39-07 

I    Open   Pitcher    36.84  35-65 

4  Open    Pitchers    40-49  40-79 

The  results  indicate  that  absc^-ption  of  the  solute  (peptone) 
and  of  the  solvent  fwater)  were  not  strictly  parallel,  and  did  not 
proceed  at  exactly  the  same  rate. 

Absorption  by  Sarracenia  purpurea. — The  ex])eriments  on 
small,  ])Oorly  developed  pitchers  of  Sarracenia  purpurea  were 
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made  in  the  field  in  Tolland  County,  Connecticut.  The  results 
showed  that  this  species  absorbs  ammonium  tartrate,  acetamide, 
urea,  and  peptone  from  their  aqueous  solutions  when  these  solu- 
tions are  introduced  into  the  pitcher  cavity. 

The  experiments  on  large  vigorous  pitchers  of  Sarracenia  pur- 
purea were  made  in  the  laboratory;  the  pitchers  had  recently 
opened.  Aqueous  solutions  of  nine  different  nutrient  nitrogenous 
substances  were  introduced  into  the  pitchers;  and  all  nine  sub- 
stances were  absorbed  to  a  marked  degree.  While  the  "  indi- 
vidual dift'erence  "  of  each  pitcher  entered  into  each  test  and  was 
beyond  control,  the  results,  as  a  whole,  uniformly  had  the  same 
trend,  and  support  the  following  conclusions.  The  absorption  of 
nitrogenous  compounds  was  progressive,  since  the  per  cent,  of 
introduced  nitrogen  absorbed  increased  with  the  time;  from  50 
to  90  per  cent,  or  more  of  the  nutrient  compound  was  usually 
absorbed  in  twelve  days.  The  rate  of  absorption  was  generally 
greatest  during  the  first  three  or  four  days.  With  the  exception 
of  the  experiments  on  egg  albumin,  the  per  cent,  of  the  intro- 
duced nitrogenous  compound  absorbed  in  a  given  time  was  always 
greater  than  the  percentage  decrease  in  the  volume  of  the  pitcher 
contents;  i.e.,  the  dissolved  nutrient  was  absorbed  more  rapidly 
than  the  water.  This  conclusion,  of  necessity,  holds  true  even  if 
part  of  the  water  was  lost  by  evaporation. 

Absorption  of  water  from  the  solution  occurred.  The  ex- 
periments on  ammonium  tartrate,  acetamide,  urea,  and  asparagin 
were  l^egun  on  the  same  day  with  pitchers  of  approximately  the 
same  size  and  with  the  same  volume  of  nutrient  solution.  They 
ended  twelve  days  later.  During  that  time,  the  decrease  in  volume 
of  the  pitcher  contents  varied  from  22.0  to  60.5  per  cent,  in  dif- 
ferent experiments,  while  it  would  have  been  approximately  equal 
in  all  experiments  if  due  entirely  tO'  evaporation. 

Egg  albumin  was  absorbed  less  rapidly  than  the  simpler  nitrog- 
enous compounds.  This  indicates  that  possibly  the  complex 
protein  was  digested  into  simpler  compounds  prior  to  absorption. 

Ammonium  chloride  was  absorbed  less  rapidly  than  ammo- 
nium tartrate.  The  absorption  of  peptone  was  decreased  when 
toluene  was  added  to  the  pitcher  contents.  The  decreased  absorp- 
tion was  possibly  due  to  the  toxic  action  of  the  ammonium  chloride 
and  the  toluene  on  the  pitchers. 
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ABSORPTION   OF   ORGANIC   NITROGENOUS    COMPOUNDS    IN    THE 
PRESENCE   OF  A  "  BUFFER." 

The  objection  might  be  raised  that  the  nitrogen,  reported 
in  Table  III  as  absorbed,  was  actually  converted  into  volatile 
nitrogenous  compounds  which  escaped  from  the  pitcher.  While 
open  pitchers  of  all  the  species  used  in  the  absorption  tests  have 
been  found  by  us  to  contain  bacteria  which,  in  the  Petri  dish, 
act  on  simple  nitrogenous  compounds  (glycocoll,  asparagin,  ace- 
tamide,  urea,  ammonium  lactate,  ammonium  tartrate)  with  the 
production  in  the  medium  of  a  reaction  alkaline  to  rosolic  acid, 
and  occasionally  with  the  production  of  an  odor  of  ammonia  or 
amines,  nevertheless,  such  an  odor  was  never  noted  in  the  pitcher 
contents  when  they  were  removed  for  analysis  at  the  end  of  an 
absorption  test. 

Reference  to  Table  III  shows  that,  in  the  presence  of  toluene, 
a  bactericide,  peptone  was  absorbed. 

Additional  laboratory  tests  on  alisorption  were  conducted,  in 
which  a  "  buffer  "  was  introduced  into  pitchers  of  Sarraccnia 
purpurea  with  the  nutrient  solution.  Any  volatile  bases,  formed 
from  the  nutrient  nitrogenous  compound  by  bacterial  action, 
would  be  retained  by  the  buffer,  and  could  not  escape  from 
the  pitcher. 

The  buffer  used  was  an  acjueous  solution  containing  0.4  gram 
monopotassium  phosphate  (KH2PO4)  and  0.6  gram  dipotassium 
phosphate  (K2HPO4)  in  each  10  c.c. ;  a  buffer  solution  containing 
these  two  phosphates  in  this  ratio  has  been  used  in  urinalysis 
to  neutralize  the  ammonium  carbonate  formed  by  cleavage  of  urea 
by  the  enzyme  urease.'^ 

Technic. — The  procedure  in  these  experiments  was  exactly 
the  same  as  in  those  on  the  absorption  of  nitrogenous  compounds 
by  Sarracenia  purpurea  described  in  the  preceding  section.  How- 
ever, 10.00  c.c.  of  the  buffer  solution  were  introduced  into  each 
pitcher  at  the  same  time  as  the  10.00  c.c.  of  the  solution  of  the 
nutrient  nitrogenous  comjxjund.  Likewise  10.00  c.c.  of  the  buffer 
solution  were  added  to  each  sample  of  the  nutrient  solution  used 
for  the  determination  of  the  exact  weight  of  nitrogen  introduced. 

In  those  experiments  in  which  the  period  of  ab.sorption  was 
seven  days,  the  technic  was  modified  .somewhat.  The  pitcher 
was  cut  from  the  i)lant  at  its  base;  its  exterior  was  cleansed  with 
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a  stream  of  distilled  water  from  a  wash  bottle;  and  the  cotton 
plug  was  removed  from  the  mouth  of  the  pitcher;  it  was  always 
dry  and  unsoiled.  The  bottom  part  of  the  pitcher  was  cut  off 
at  the  very  beginning  of  the  pitcher  cavity;  and  the  pitcher  con- 
tents and  subsequent  washings  were  caught  in  a  beaker,  and 
passed  in  turn  through  a  filter  into  a  Kjeldahl  flask.  In  this  man- 
ner, all  chances  for  retention  of  the  solution  of  the  nitrogenous 
compound  in  the  narrow,  bottom  region  of  the  pitcher  cavity 
were  entirely  eliminated. 

Results. — All  four  compounds — urea,  acetamide,  asparagin, 
and  peptone — were  absorbed  in  the  presence  of  the  buffer.  The 
per  cent,  of  introduced  nitrogen  absorbed  usually  increased  with 
the  period  of  absorption.  Although  approximately  the  same 
weight  of  a  given  compound  was  introduced  into  the  pitchers  in 
both  series  of  experiments,  the  per  cent,  absorbed  in  a  given 
time  was  usually  less  in  the  presence  of  the  buffer  (Table  IV)  than 


Table  IV. 

Absorption  of  Organic   Nitrogenous   Compounds  by  Individual  Open  Pitchers  of 
Sarracenia  purpurea  in  the  Presence  of  a  Buffer. 


Nitrogenous  compound. 


„     .    ,     ,        Weight,  in  grams,  of  nitrogen. 

Period  of 
!  absorption, 
t       days.       I      Intro- 


duced. 


Recovered. 


Absorbed. 


Per  cent, 
of  intro- 
duced 
nitrogen 
absorbed. 


Acetamide 
Acetamide 

Urea 

Urea 

Asparagin 
Asparagin 
Peptone.  . 
Peptone . . 


4 
T 
4 
7 
4 
7 
3 
15 


0.01548 
0.01548 
0.01471 
0.0147 1 
0.01422 
0.01422 
0.01569 
0.01569 


0.00953 
0.00077 
0.01093 
0.01247 
0.00981 
0.00637 
0.01037 
0.00743 


0.00595 
0.01471 
0.00378 
0.00224 
0.00441 
0.00785 
0.00532 
0.00826 


38.44 
9503 
25.70 

15-23 
31.01 
55-20 

3391 
52.64 


in  its  absence  (Table  III).  In  this  connection,  it  should  be  noted 
that  the  plants  used  in  the  experiments  with  the  buffer  were  pro- 
cured several  months  later  than  those  used  in  the  experiments 
on  the  absorption  of  nitrogenous  compounds  and  the  absorption  of 
phosphates,  and  possibly  were  less  active  though  still  vigorous. 

In  the  presence  of  the  buffer,  the  pitcher  contents  increased  in 
volume,  while  they  decreased  in  nitrogen  content.  The  initial 
volume  was  20  c.c.     At  the  end  of  four  days,  the  contents  of 

Vol.  189,  No.  1130 — 13 


174  Hepburx,  St.  John,  and  Jones.  [J- F- I- 

three  pitchers  were  withdrawn  for  analysis,  and   had  the   fol- 
lowing volume : 

Pitcher  containing  acetamide   25  c.c. 

Pitcher  containing  urea   24  c.c. 

Pitcher  containing  asparagin 24  c.c. 

The  increase  in  volume  therefore  ranged  from  20  to  25 
per  cent. 

ABSORPTION  OF  PHOSPHATES. 

Pfeffer  ^*^  has  suggested  that  insectivorous  plants  derive  both 
nitrogen  and  phosphorus  from  their  prey.  The  following  labora- 
tory experiments  were  carried  out  to  determine  the  absorption 
of  orthophosphates  from  the  pitcher  cavity  in  Sarraccnia  purpurea. 
The  plants  formed  part  of  the  group  secured  at  Whitings,  New  • 
Jersey,  for  the  laboratory  experiments  on  absorption  of  nitrog- 
enous compounds.  The  two  series  of  experiments,  on  nitrogen 
compounds  and  phosphates,  respectively,  were  made  simulta- 
neously but  on  different  plants. 

Technic. — The  insect  remains  were  removed  from  the  pitchers 
as  in  the  experiments  on  absorption  of  nitrogenous  compounds. 
Then  lo.oo  c.c.  of  the  phosphate  solution  were  introduced  with  a 
pipette  into  each  empty  pitcher,  the  mouth  of  which  was  imme- 
diately closed  with  a  tightly  fitting  cotton  plug.  The  phosphate 
solution  was  exactly  neutral  in  reaction,  i.e.,  had  a  hydrogen  ion 
concentration  of  10"^  or  pH  7.0.  It  was  prepared  as  directed  by 
Levy,  Rowntree,  and  Marriott,^^  whose  procedure  is  based  on 
that  of  Sorensen;-^.  ^^  37  c.c.  of  a  fifteenth  molar  solution  of 
monopotassium  dihydrogen  orthophosphate  and  63  c.c.  of  a  fif- 
teenth molar  solution  of  disodium  monohydrogen  orthophosphate 
were  mixed.  The  phosphate  content  of  the  resulting  solution 
was  determined  by  titration. 

After  this  neutral  phosphate  solution  had  been  in  a  pitcher 
for  a  definite  period  of  time,  varying  between  7  and  20  days,  the 
cotton  plug  was  removed — it  was  always  dry  and  not  soiled  by 
the  pitcher  contents;  the  liquid  in  the  pitcher  was  drawn  up 
into  a  serological  pipette;  its  volume  was  recorded;  and  it  was 
transferred  to  a  beaker.  The  pitcher  cavity  was  washed  with 
several  successive  portions  of  distilled  water;  these  were  trans- 
ferred in  turn  by  means  of  the  pipette  to  the  beaker;  and  the 
phosphate  content  of  the  coml)ine(l  liquid  and  washings  was 
determined  by  titration. 
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Plant  of  Sarracenia  purpurea  in  full  bloom,  with  open  pitchers.     Photographed  in  Ocean 
County,  New  Jersey,  where  vigorous  pitchers  attain  a  length  of  10  or  more  inches. 

All  titrations  of  phosphate  content  were  made  with  a  standard 
solution  of  uranyl  nitrate  after  the  addition  of  acetic  acid  and 
sodium  acetate;  tincture  of  cochineal  was  used  as  an  internal 
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indicator.  The  solution  of  uranyl  nitrate  was  standardized 
against  a  definite  weight  of  monopotassium  dihydrogen  phosphate 
as  suggested  by  Giles.^'^  Results  were  calculated  as  grams  of 
phosphoric  oxide,  P2O5. 

The  difference  between  the  weight  of  phosphoric  oxide  intro- 
duced into  the  pitcher  and  the  weight  of  phosphoric  oxide  recov- 
ered in  the  fluid  and  washings  from  the  pitcher  represented  the 
weight  of  that  compound  absorbed  from  the  cavity  by  the  pitcher. 

Results  of  these  experiments  are  given  in  Table  V,  and  lead 
to  the  following  conclusions.  Absorption  of  phosphates  occurred 
in  all  the  pitchers.     The  individual  pitchers  do  not  show  any 

Table  V. 
Absorption  of  Phosphates  from  the  Pitchers  of  Sarracenia  purpurea. 


Weight,  in  grams,  of 

Volume  changes. 

phosphoric  anhydride. 

p. 

Number 

Period  of 
absorp- 
tion, 
days. 

Per  cent,  of  intro- 

Volume 
of 
phos- 
phate 

solution 

in 
volume 

of 
pitchers. 

0 

£ 

•0 

> 

0 

•V 

(U 

0 

duced  phosphoric 
anhydride  absorbed. 

Volume 
of  solu- 
tion re- 
covered. 

Decrease 

in 
volume. 

calcu- 
lated as 
per  cent, 
of 

13 

< 

duced. 

volume 
intro- 
duced. 

c.c. 

c.c. 

c.c. 

7 

7 

0.04681 
0.04681 

0.03515 
0.03818 

O.OI166 
0.00863 

?8:44  leverage  21.68 

10.00 

3. SO 

6.50 

6500 

12 

0.04681 

0.03636 

0.01045 

23:^3  Uverage  22.98 

10.00 

6.00 

4.00 

40.00 

12 

0.04681 

0.03575 

O.OIIO6 

10.00 

5. 90 

4.10 

41.00 

20 

0.04681 

0.03303 

0.01378 

2^-^mverage  26.86 

10.00 

5-45 

4.5s 

45.50 

20 

0.04681 

0.03545 

O.OII36 

10.00 

S.8S 

4.  IS 

41.50 

definite  relation  between  the  period  of  absorption  and  the  per 
cent,  of  the  introduced  phosphoric  oxide  absorbed.  When  the 
two  experiments  of  each  period  are  averaged,  and  the  averages  are 
compared,  the  absorption  appears  to  have  been  progressive 
throughout  the  entire  20  days,  but  to  have  been  most  rapid  during 
the  first  7  days.  In  a  given  time,  the  pitcher  contents  usually 
showed  a  greater  percentage  decrease  in  volume  than  in 
phosphoric  oxide  content;  this  indicates  that  water  was 
absorbed  more  rapidly  than  phosphates  from  the  solution  in  the 
pitcher  cavity. 

ABSORPTION  OF  THE  LITHIUM  ION. 

These  experiments  were  also  made  on  plants  of  Sarracenia 
purpurea  in  the  laboratory.  A  double  normal  solution  of  neutral 
lithium   citrate    {lA-^Cf^W^O-i)    was  prepared   from   lithium   car- 
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bonate  and  citric  acid.  The  solution  was  filtered;  and  20  c.c. 
of  the  filtrate  were  introduced  into  each  of  four  open  pitchers, 
which  were  then  closed  with  tightly  fitting  cotton  plugs.  One 
pitcher  was  examined  at  the  end  of  seven  days,  the  other  three 
pitchers  at  the  end  of  fourteen  days.  Each  pitcher  was  cut  from 
the  plant  at  its  base;  and  its  exterior  was  well  washed  with  a 
stream  of  distilled  water  from  a  wash  bottle.  The  cotton  plug 
was  removed;  the  bottom  portion  of  the  pitcher  was  cut  off  just 
above  the  beginning  of  the  pitcher  cavity;  the  contents  were 
permitted  to  run  out ;  all  insect  remains  were  removed  with  a 
platinum  needle;  and  the  entire  interior  of  the  pitcher  was 
repeatedly  flushed,  and  its  lid  and  exterior  washed  with  distilled 
water  until  the  wash  water  no  longer  imparted  the  lithium  color 
to  the  non-luminous  Bunsen  flame. 

The  pitcher  was  next  dried  at  100°  C,  then  ashed,  in  a 
platinum  crucible.  The  ash  was  treated  with  0.5  c.c.  of  con- 
centrated hydrochloric  acid  and  2.0  c.c.  of  distilled  water ;  and 
the  resulting  solution  was  filtered  through  a  small,  moistened, 
ashless  filter-paper. 

Lithium  was  identified  in  this  solution  of  the  ash  by  the  crim- 
son color  imparted  to  the  non-luminous  Bunsen  flame,  and  by 
spectroscopic  examination  of  this  colored  flame  by  means  of  a 
Hofmann  direct  vision  spectroscope  with  a  scale  previously 
calibrated  for  the  lithium  and  sodium  lines.  The  ash  from  all 
four  pitchers  yielded  the  same  result. 

As  a  control,  examination  was  made  of  a  composite  sample  of 
dried  tissue  obtained  from  fifty-nine  open  pitchers  of  Sarraccnia 
purpjirca  which  had  been  thoroughly  cleansed  from  insect  remains. 
These  pitchers  were  obtained  at  the  same  time  and  place  (Whit- 
ings) as  the  plants  used  in  the  tests  on  absorption  of  lithium. 
The  dried  tissue  was  ground  so  that  it  passed  completely  through 
a  sieve  with  20  meshes  to  the  linear  inch.  A  five-gram  sample  of 
the  ground  tissue  was  ashed  in  platinum.  A  loop  of  platinum 
wire  was  dipped  into  concentrated  hydrochloric  acid,  then  into  the 
ash,  and  finally  was  placed  in  the  non-luminous  Bunsen  flame. 
Neither  the  flame  reaction  (color)  nor  the  spectral  line  of 
lithium  appeared. 

These  results  show  that  lithium  is  not  a  normal  constituent 
of  the  tissues  of  Sarracenia  purpurea,  and  that  the  pitchers  of 
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this  plant  absorb  the  Hthiiim  ion  from  its  neutral  solution  when 
such  a  solution  is  introduced  into  the  pitcher  cavity. 

The  spectroscopic  examinations  were  made,  in  collaboration 
with  Dr.  Charles  B.  Bazzoni,  in  the  Randal  Morgan  Laboratory  of 
Physics  of  this  University. 

RESPONSE  OF  THE  PITCHERS  TO  STIMULATION. 

In  1875  Mrs.  R.  M.  L.  Austin,  a  California  botanist,  discovered 
that  the  introduction  of  meat  into  the  pitcher  cavity  causes  the 
pouring  out  of  an  additional  supply  of  pitcher  liquor  in  Darling- 
tonia  californica.  The  following  quotation  is  from  a  letter  written 
by  Mrs.  Austin  to  Mary  E.  Pulsifer  Ames,  and  was  published  by 
the  latter:  ^"  "  In  July,  1875,  I  fed  a  great  many  of  the  leaves, 
some  with  fresh  raw  mutton  and  others  with  that  which  was 
boiled.  The  liquid,  in  the  course  of  a  week,  would  fill  the  tubes 
and  flow  out  of  the  orifice."  According  to  Asa  Gray,-"  Mrs. 
Austin,  studying  Darlingtonia  californica,  found  that  "  the  watery 
liquid  in  the  pitcher,  which  must  be  wholly  a  secretion,  is  much 
increased  in  quantity  after  the  capture  of  insects." 

In  certain  of  our  experiments  in  the  field,  a  definite  volume 
of  a  solution  was  introduced  into  pitchers  which  were  then  closed 
in  the  manner  described  in  the  sections  on  absorption.  After  the 
lapse  of  a  definite  period  of  time,  from  one  to  ten  days,  the 
average  volume  of  the  pitcher  contents  was  determined  in  the 
usual  way.  From  this  average  volume  was  subtracted  the  sum 
of  the  volume  of  solution  introduced  plus  the  average  volume  of 
the  pitcher  liquor  in  pitchers  of  the  same  species  and  same  type 
(closed,  open,  or  i)lugged) ;  the  remainder  was  the  average  in- 
crease in  volume  of  the  liquid  pitcher  contents,  due  to  outpouring 
of  additional  liquor  as  the  result  of  stimulation  of  the  pitchers 
by  the  introduced  solution.  This  average  increase  in  volume  was 
then  calculated  as  per  cent,  of  the  average  volume  of  the  pitchei 
liquor  of  such  pitchers. 

Fresh  skim  milk  was  diluted  with  an  equal  volume  of  water, 
sterilized  by  heat,  cooled  to  atmospheric  temperature,  and  used 
in  stimulation  tests.  The  average  increase  amounted  to  as  mucli 
as  1200  per  cent,  in  6  days  in  closed  pitchers  of  Darlingtonia 
californica,  1000  per  cent,  in  4  days  in  closed  pitchers  of  Sarra- 
cenia  /lava,  and  900  per  cent,  and  500  per  cent.,  respectively,  in 
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5  days  in  plugged  pitchers  of  5".  Slcdgci  and  6'.  Dnunniondii. 
\\'ith  a  given  species  and  pitchers  of  a  given  type,  the  increase 
became  more  marked,  the  longer  the  time  elapsed  between  intro- 
duction of  the  diluted  milk  and  withdrawal  of  the  pitcher  con- 
tents, and  the  greater  the  volume  of  milk  introduced. 

Beef  broth  produced  an  increase  of  over  300  per  cent,  in 
pitchers  of  all  three  types  in  Darlingtonia  calif ornica  in  5  days. 
It  also  produced  increases  of  over  1700  per  cent,  and  600  per  cent., 
respectively,  in  closed  and  open  pitchers  of  Sarracenia  Hava  in  4 
days ;  the  increase  in  one  closed  pitcher  was  over  2400  per  cent. 

Increases  in  the  volume  of  the  pitcher  secretion  were  produced 
by  certain  reagents :  dilute  solution  of  potassium  ferrocyanide, 
dilute  solution  of  potassium  ferricyanide,  2  per  cent,  solution  of 
ferrous  sulphate.  The  ferrous  solution  was  introduced  into 
pitchers  of  Sarracenia  Sledgci,  S.  flava,  and  6'.  Drummondii,  the 
other  solutions  into  pitchers  of  S.  iiava  only.  A  2  per  cent,  solu- 
tion of  ferric  ammonium  sulphate,  to  which  sodium  acetate  had 
been  added,  killed  the  pitchers  of  all  three  species  within  a  few 
days  after  its  introduction. 

When  introduced  into  the  pitchers,  raw  egg-white  produced 
no  change  in  the  volume  of  the  pitcher  liquor.  This  was  also 
true  of  certain  solids:  coagulated  egg-white,  fibrin,  ca'sein, 
and  cheese. 

In  the  experiments  on  Darlingtonia  californica,  cubes  of  lean 
beef  were  introduced  into  the  pitchers  by  means  of  forceps,  and 
fell  to  the  level  of  the  pitcher  liquor.  Each  edge  of  a  cube  was 
one-eighth  inch  long.  When  raw  beef  was  used,  an  increase  in 
volume  of  the  pitcher  liquor  occurred  in  pitchers  of  all  three  types 
— closed,  open,  and  plugged — but  was  always  less  than  200  per 
cent,  in  7  days.  When  cooked  beef  was  used,  little,  if  any,  increase 
took  place  in  the  volume  of  the  liquor  in  either  open  or 
plugged  pitchers. 

This  phenomenon  of  secretion  of  an  abnormal  volume  of 
pitcher  liquor  is  not  in  conflict  with  that  of  absorption.  The 
decrease  in  volume  of  the  pitcher  contents,  as  a  rule,  occurred 
less  rapidly  than  the  absorption  of  nitrogenous  compounds,  and 
more  rapidly  than  the  absorption  of  phosphates  from  their  respec- 
tive solutions.  Moreover,  in  the  absorption  experiments  in  which 
a  buffer  was  added  to  the  solutions  of  the  nitrogenous  compounds, 
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those  compounds  were  absorbed  while  the  pitcher  contents  in- 
creased in  volume.  An  increase  in  volume  of  the  pitcher  contents 
also  occurred  in  the  experiments  on  the  absorption  of  the  lithium 
ion.  In  the  plant  economy,  this  increased  secretion  probably 
represents  a  result  of  natural  selection,  in  which  there  has  grad- 
ually developed  a  rise  in  the  level  of  the  pitcher  liquor  that  insures 
the  covering  of  captured  insects  which  otherwise  would  lie  in  a 
dry  and  undigested  state  above  the  normal  level  of  that  fluid. 

RESPONSE  OF  THE  PITCHERS  TO  INTRODUCED  ACID  AND  ALKALI. 

Dilute  aqueous  solutions  of  acids  (hydrochloric  and  acetic) 
and  of  sodium  hydroxide  were  also  introduced  into  the  pitchers 
of  certain  species,  and  the  pitcher  contents  examined  5  days  later. 

The  pitcher  liquor  in  open  pitchers  of  Darlingtonia  calif  ornica, 
Sarracenia  Sledgei,  and  S.  Drummondii  and  in  plugged  pitchers 
of  D.  calif  ornica  is  neutral  to  litmus,  that  in  closed  pitchers  of 
S.  flava  acid,  and  that  in  open  pitchers  of  S.  fiava  faintly  acid  to 
neutral  to  litmus.  The  solutions  introduced  into  the  pitchers 
were  tested,  and  possessed  either  a  distinctly  acid  reaction  (hydro- 
chloric acid,  acetic  acid)  or  a  distinctly  alkaline  reaction  (sodium 
hydroxide)  to  litmus.  Each  pitcher  received  a  definite  volume 
(from  3  to  30c. c,  usually  5c.c.)of  a  solution  olone  of  the  reagents. 

The  acetic  acid  was  used  as  a  0.05  per  cent,  solution  with  the 
species  of  Sarracenia  just  mentioned,  and  as  a  o.io  per  cent,  solu- 
tion with  Darlingtonia  calif  ornica.  Within  5  days,  the  reaction 
of  the  pitcher  contents  to  litmus  had  become  neutral  in  the  plugged 
pitchers  of  Darlingtonia  calif  ornica,  in  the  open  pitchers  of  that 
species,  Sarracenia  Sledgei,  and  6^.  Drummondii,  and  in  the  closed 
pitchers  of  S.  flava,  and  was  acid  in  the  open  pitchers  of  the 
last-named  species.  The  volume  of  the  pitcher  contents  showed 
a  marked  decrease  in  all  the  Sarracenia  pitchers,  and  a  slight 
increase  in  those  of  D.  calif  ornica. 

The  hydrochloric  acid  was  usually  used  as  a  0.05  per  cent, 
solution.  Within  5  days,  the  pitcher  contents  had  become  neutral 
to  litmus  in  open  pitchers  of  Darlingtonia  californica,  and  Sarra- 
cenia Drnmmondii,  and  in  the  majority  of  those  of  vS".  Sledgei; 
they  were  faintly  acid  to  litmus  in  both  open  and  closed  pitchers 
of  5".  flava.  The  Sarracenia  pitchers  showed  a  decrease  in  the 
volume  of  their  contents.     A  0.2  per  cent,  solution  of  liydrochloric 
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acid  was  also  introduced  into  both  open  and  plugged  pitchers 
of  D.  calif ornica:  some  pitchers  were  injured,  becoming  partly 
shriveled  and  brown;  their  contents  were  faintly  acid  to  litmus; 
other  pitchers  were  unharmed,  their  contents  w^ere  neutral  to 
litmus  at  the  end  of  the  5  days. 

Sodium  hydroxide  was  used  as  a  0.02  per  cent,  solution  in  both 
open  and  plugged  pitchers  of  Darlmgtonia  calif  ornica,  and  as  a 
0.05  per  cent,  solution  in  open  pitchers  of  Sarracenia  Sledgei  and 
6".  Drummondii  and  in  both  open  and  closed  pitchers  of  5".  Hava. 
Within  5  days,  the  contents  of  the  pitchers  had  become  neutral 
to  litmus  in  all  the  experiments.  The  pitcher  contents  decreased 
in  volume  in  the  Sarracenia  pitchers  and  increased  slightly  in 
volume  in  those  of  Darlingtonia  calif  ornica. 

It  is  of  interest  to  note  that,  in  the  experiments  with  acids, 
an  acid  reaction  was  retained  only  in  the  pitchers  of  Sarracenia 
flava;  the  pitcher  liquor  of  this  species  normally  tends  to  have 
an  acid  reaction,  and  its  protease  acts  best  in  an  acid  medium. 

After  the  introduction  of  either  dilute  acid  or  dilute  alkali  into 
the  pitchers,  the  normal  reaction  of  the  pitcher  contents  was 
restored,  as  a  rule,  in  a  few  days.  This  return  of  the  pitcher 
contents  to  their  normal  reaction  recalls  the  behavior  of  the 
human  stomach  under  somew^hat  similar  conditions,  as  studied  by 
Spencer,  Meyer,  Rehfuss,  and  Hawk.^^ 

SUMMARY. 

I.  A  resume  has  been  given  of  our  observations  on : 

1.  The  occurrence  of  reducing  sugar  in  the  nectar. 

2.  The  wetting  action  of  the  pitcher  liquor  on  insect's. 

3.  The  occurrence  of  a  proteolytic  enzyme  in  the  pitcher  liquor 
of  the  Sarracenias  and  its  absence  from  that  of  Darling- 
tonia calif  ornica. 

4.  The  freedom  from  bacteria  of  the  pitcher  cavity  and  liquor 
in  closed  pitchers. 

5.  The  occurrence  of  proteolytic  bacteria  in  the  contents  of 
open  pitchers,  in  which  captured  insects  were  present. 

6.  The  secretion  of  additional  pitcher  liquor  in  response  to 
stimulation  by  certain  foods  such  as  milk  and  meat  broth,  and 
by  certain  other  substances. 

7.  The  response  by  the  pitchers  to  introduction  of  acid  or 
alkali  in  dilute  solution. 


i82  Hepburn,  St.  Johx,  axd  Jones.  [J- F.  I. 

II.  A  detailed  account  has  been  given  of  our  studies  on  absorp- 
tion by  the  pitchers  of  substances  introduced  into  their  cavities. 
These  studies  led  to  the  following-  general  conclusions : 

1.  Water,  which  was  introduced  into  the  pitchers  of  Darling- 
tonia  calif  ornica  and  the  Sarracenias,  underwent  absorption. 

2.  When  an  aqueous  solution  of  a  nitrogenous  compound  was 
introduced  into  pitchers  of  the  Sarracenias,  both  the  nitrogenous 
compound  and  the  water  were  absorbed,  but  at  a  different  rate; 
absorption  of  the  nitrogenous  compound  was  usually  more  rapid 
than  that  oi  the  water. 

3.  When  a  phosphate  buffer  was  added  to  the  aqueous  solu- 
tion of  the  nitrogenous  compound,  the  latter  was  absorbed  while 
the  pitcher  contents  increased  in  volume. 

4.  When  a  neutral  phosphate  solution  was  introduced  into 
pitchers  of  Sarracenia  purpurea,  both  the  phosphate  and  the  water 
were  absorbed,  but  at  a  different  rate;  absorption  of  the  phos- 
phate was  less  rapid  than  that  of  the  water. 

5.  The  per  cent,  of  the  introduced  nitrogenous  com- 
pound or  phosphate  absorbed  usually  increased  with  the  period 
of  absorption. 

6.  When  a  solution  of  neutral  lithium  citrate  was  introduced 
into  pitchers  of  Sarracenia  purpurea,  the  lithium  ion  was  absorbed. 

7.  Absorption  by  the  pitchers  of  substances  introduced  into 
their  cavities  in  solution  has  been  demonstrated  {a)  by  the  de- 
crease in  the  nitrogen  or  phosphate  content  of  the  solution,  and 
{h)  by  appearance  in  the  pitcher  tissues  of  lithium,  an  element 
not  normally  present. 

8.  These  results  indicate  that  the  proteolytic  products,  formed 
in  the  pitcher  cavity  by  digestion  of  the  prey,  are  absorbed  by  the 
pitchers  and  are  utilized  for  the  nutrition  of  the  plant.  They  also 
indicate  that  })hosphates,  and  probably  other  mineral  foods,  de- 
rived from  the  prey,  are  absorbed  and  utilized  in  like  manner. 

The  authors  are  deeply  indebted  to  Dr.  John  M.  IMacfarlane, 
director  of  the  botanic  laboratory  and  garden  of  this  University, 
who  has  placed  all  the  facilities  of  his  department  at  their  dis- 
posal, and  has  offered  many  suggestions  of  great  value  to  them. 
They  also  acknowledge  with  pleasure  the  hearty  cooperation  of 
the  staff  of  the  Randal  Morgan  Laboratory  of  Physics  of  this 
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University.  The  radiographs  of  pitchers  containing  captured 
insects  are  the  work  of  Dr.  Arthur  W.  Goodspeed ;  Dr.  Horace  C. 
Richards  collaborated  in  the  fluoroscopic  examination  of  such 
pitchers,  and  Dr.  Charles  B.  Bazzoni  in  the  spectroscopic  exam- 
ination of  the  ash. 
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Method  of  Cleaning  Coil  Springs.  Donald  A.  Hampson. 
{Machinery,  vol.  xxvi,  No.  4,  p.  343,  December,  1919.) — A  certain 
manufacturer  who  produces  coil  springs  from  copper-finished  steel 
wire  had  considerable  trouble  in  keeping  them  bright  and  free  from 
oil.  These  springs  are  two  inches  long  and  have  an  extension  at 
each  end  that  projects  at  right  angles  to  the  axis  of  the  spring.  In 
the  production  of  these  springs,  the  use  of  lubricant  is  imperative  in 
the  operation  of  the  forming  machine,  which  results  in  the  presence 
of  oil  on  the  finished  product.  Unless  this  oil  is  removed,  the  bright 
copper  finish  of  the  wire  becomes  dull,  and  thus  the  selling  quali- 
ties are  lessened.  This  objection  is  now  overcome  by  the  method 
to  be  described. 

The  springs  are  packed  in  a  wooden  box  having  a  removable  cover. 
A  one-inch  shaft  passes  through  the  box  and  is  secured  to  its  sides 
by  flanged  collars.  The  shaft  is  supported  by  a  bearing  on  each  side 
of  the  box,  and  carries  a  driving  pulley  on  one  end  by  means  of  which 
the  box  is  revolved  at  the  rate  of  forty  revolutions  per  minute. 
After  the  box  has  been  filled  with  springs,  a  quantity  of  sawdust  is 
dumped  in  and  the  cover  fastened  on.  By  revolving  the  box  for 
about  twenty  minutes,  the  sawdust  is  circulated  through  the  springs, 
during  which  process  the  oil  is  completely  absorbed  and  the  springs 
are  given  a  uniform  polish.  The  springs  tend  to  become  tangled 
if  the  box  is  revolved  longer  than  the  time  stated,  or  if  the  box  is  only 
partly  filled.  j^ 

Test  of  Alpine  Tanks. — The  tank  in  peace-time  is  to  be  ap- 
plied to  transporting  pa.sscngcr.s  and  goods  to  liotels  on  mountains 
where  carriage  roads  arc  lacking.  A  test  of  this  method  of  moun- 
tain climbing  was  held  Sci)tcmbcr,  1919.  in  tbe  Department  of 
France  in  which  Mt.  Blanc  is  situated.  The  course  was  4.7  km. 
long  with  an  ascent  of  .7  km.  over  mule  tracks,  peaty  ground,  and 
meadow  land,  through  fords  and  along  deep  ravines.  The  Ren- 
ault caterpillar  tractor  made  the  ascent  in  83  minutes,  the  descent 
in  66  minutes,  and  completed  three  trips  in  a  day. 

G.  F.  S. 


THE  RELATIVE  MERITS  OF  MONOCULAR  AND 
BINOCULAR  FIELD-GLASSES.* 

THE  RESULTS  OF  AN  INVESTIGATION   UNDERTAKEN   BY   THE  SUB-COMMITTEE  OF  THE 

NATIONAL  RESEARCH  COUNCIL  ON  "MONOCULAR  VerSUS 

BINOCULAR    FIELD-GLASSES." 

BY 

EDWARD  p.  HYDE.  Chairman} 

P.  W.  COBB, 

H.  M.  JOHNSON, 

W.  WENIGER. 

The  investigation  of  the  relative  merits  of  monocular  and 
binocular  field-glasses  was  undertaken  by  members  of  the  staff  of 
Nela  Research  Laboratory  upon  request  from  the  National  Re- 
search Council.  In  the  first  instance  the  Laboratory  was  asked 
for  a  critique  of  the  literature  on  the  subject,  but  since  this  failed 
to  establish  definitely  any  decisive  advantages  for  the  binocular, 
it  was  deemed  wise  to  institute  an  extensive  investigation  of 
the  problem. 

To  this  end  a  comprehensive  program  of  procedure  was 
formulated,  as  outlined  in  the  Introduction,  but  owing  to  the 
urgent  demand  for  the  completion  of  the  investigation  it  was 
necessary  to  omit  certain  parts  of  the  program  and  to  depend  upon 
the  findings  of  the  practical  field  test  which,  according  to  the 
plan  of  work,  should  constitute  the  final  stage  of  the  investigation. 
Unfortunately,  therefore,  the  research  is  not  complete,  but  the 
results  of  the  field  test  are  sufficiently  indicative  to  justify  certain 
tentative  conclusions. 

Except  for  the  Introduction,  which  covers  briefly  the  survey 
of  the  literature  of  the  subject,  as  given  in  the  critique  referred 
to  above,  and  which  also  includes  an  outline  of  the  program  of 
work  as  formulated  at  the  beginning  of  the  investigation,  the 

*  Communicated  by  Edward  P.  Hyde. 

*  The  Committee  is  indebted  to  Messrs.  Cobb  and  Weniger  for  practically 
all  of  the  experimental  work. 
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text  of  the  present  paper  is  quite  closely  a  verbatim  copy  of  the 
report  transmitted  to  the  National  Research  Council. 

INTRODUCTION. 

The  general  problem  of  the  relative  merits  of  monocular  and 
binocular  field-glasses  is  many-sided ;  comparisons  may  be  made 
on  the  basis  of  mechanical  and  optical  design  and  construction,  on 
questions  of  pure  physiologic  optics,  and  on  the  use  and  manipu- 
lation of  the  glasses  under  service  conditions. 

A  comparison  of  the  two  types  of  glasses  as  to  their  mechani- 
cal properties  yields  the  following:  The  limits  of  toleration  for 
departure  from  parallelism  of  the  optic  axes  of  the  two  telescopes 
of  a  binocular  are  very  small.  Consequently,  the  instrument  may 
be  rather  easily  thrown  out  of  alignment  by  falls  and  blows,  and 
as  a  result  cause  an  undue  amount  of  eye  fatigue.  The  binocular 
requires  three  adjustments  (separate  focus  for  each  eye,  and 
adjustment  of  interpupillary  distance)  to  fit  it  to  the  eyes  of  a 
particular  observer,  and  in  the  type  adopted  by  the  army  (without 
means  of  focussing  both  telescopes  simultaneously)  the  focus 
cannot  be  conveniently  changed  while  the  instrument  is  in  use; 
the  same  hand  that  holds  the  monocular  can  also  focus  it  at  any 
time.  The  binocular  of  the  type  adopted  by  the  army  (prism 
adjustment  and  not  objective  adjustrnent)  cannot  be  cleaned 
thoroughly  in  the  field  on  account  of  resultant  lack  of  parallelism 
of  the  axes  upon  reassembling;  there  is  no  such  trouble  with  the 
monocular.  The  binocular  is  bulkier  and  heavier  and  requires  a 
leather  carrying  case  with  a  shoulder  strap,  which  is  always  in 
the  way ;  the  monocular  can  be  carried  in  a  shirt  pocket  and  is 
instantly  ready  for  use.  The  speed  of  production  of  the  binocular 
is  slower,  and  its  cost  is  about  three  times  that  of  the  monocular. 

The  questions  of  physiologic  optics  that  enter  into  this  com- 
parison are  of  two  kinds : 

( 1 )  Those  concerning  the  stereoscopic  effect,  and 

(2)  Those  concerning  any  possible  increase  in  visual  sensi- 
tivity apart  from  the  stereoscopic  effect. 

With  regard  to  the  stereoscopic  effect,  it  is  to  he  remarked 
that  the  factor  which  governs  the  absolute  perception  of  depth 
is  the  parallax,  i.e.,  the  difference  l^etween  the  two  angles  sub- 
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tended  at  the  two  eyes  respectively  by  the  images  of  two  points  of 
different  remoteness  in  the  field.  The  parallax,  so  measured,  and 
hence  the  sensitivity  to  depth,  is  obviously  increased  directly  as  the 
magnification,  and  is  also  increased  directly  as  the  distance  be- 
tween the  objectives  of  the  binocular. 

Magnification  has  the  effect  of  proportionately  decreasing  the 
apparent  depth  of  objects  relatively  to  their  transverse  dimen- 
sions ;  while  increasing  the  distance  between  the  objectives  appa- 
rently decreases  both  size  and  distance  without  distortion. - 
Neither  of  these  appearances  is  to  be  taken  as  an  index  to  depth- 
sensitivity,  which  depends  solely  upon  the  considerations  men- 
tioned in  the  preceding  paragraph. 

The  distance  between  the  objectives  of  prism  binoculars  as 
ordinarily  constructed  is  approximately  1.75  times  the  normal 
interpupillary  distance.  Taking  65  mm.  as  the  normal  inter- 
pupillar>'  distance,  and  30  seconds  as  an  average  value  of  the 
parallax  angle  that  can  be  detected  by  an  observer,  a  simple  com- 
putation show's  that  with  a  binocular  magnifying  six  diameters, 
a  point  at  a  distance  of  4670  metres  from  the  observer  can  just 
be  distinguished  as  being  nearer  than  an  infinitely  distant  back- 
ground. For  a  glass  magnifying  eight  diameters,  this  distance  is 
6250  metres.  In  other  words,  for  viewing  objects  at  distances 
greater  than  the  above,  the  binocular  offers  no  advantage  over  the 
monocular  from  the  standpoint  of  stereoscopic  effect. 

It  seems  obvious  that  an  appearance  of  relief  would  reveal  to 
binocular  vision  an  object  monocularly  indistinguishable  from  its 
more  remote  and  variegated  background.  The  influence  of  this 
factor  on  visual  sensitivity  to  detail  seems  to  have  escaped  experi- 
mental attack,  although  it  is  quite  apparent  in  the  use  of  the 
simple  stereoscope. 

With  reference  to  visual  sensitivity  apart  from  steroscopic 
effect,  it  seems  to  be  established  that  binocular  observation  for  the 
ordinary  individual  gives  a  greater  sensitivity  to  brightness  and  to 
differences  of  brightness  than  monocular  observation  yields;  and 
this  holds  true  for  both  dark-adapted  and  light-adapted  eyes.  It 
has  been  asserted  also  that  visual  acuity,  or  sensitivity  to  detail, 
is  higher  for  binocular  vision  than  for  monocular,  but  we  have 
been  unable  to  locate  any  reports  of  quantitative  experiments.     It 

'  Pulfrich,  Zeit.  f.  Instk.,  25,  1905,  p.  233. 
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also  appears  in  the  work  of  Dawson  ^  that  the  time  required  for 
making  a  difficult  photometric  judgment  is  considerably  shorter, 
and  the  percentage  of  accuracy  greater,  for  binocular  observation 
than  for  monocular. 

Data  on  questions  attending  the  use  of  the  glasses  in  practice, 
such  as  the  time  required  for  "  picking  up  "  a  distant  object,  the 
time  required  for  distinguishing  the  detail  on  it,  etc.,  do  not 
seem  to  be  on  record.  This  survey  of  the  field  shows  clearly 
that  the  experimental  work  of  the  committee  lies  for  the  most 
part  along  two  lines : 

(i)  Investigations  of  some  of  the  problems  in  physiologic 
optics  under  out-of-door  conditions,  using  field-glasses,  the  results 
of  which  may  in  some  cases  merely  substantiate  conclusions 
reached  by  pure  laboratory  study  without  glasses,  and 

(2)  A  statistical  study  of  the  results  obtained  with  the  two 
types  of  glasses  when  used  by  men  who  were  training  for  work 
requiring  the  use  of  glasses  in  warfare. 

An  additional  question  that  is  certainly  worthy  of  study,  and 
is  applicable  to  both  monoculars  and  binoculars,  is  that  of  dis- 
tinguishing colored  objects  from  their  surroundings  by  the  use 
of  suitable  colored  screens,  when  such  objects  are  indistinguish- 
able in  ordinary  light.  The  use  of  colored  screens  should  aid 
vision  also  by  the  exclusion  of  scattered  light  and  by  the  reduc- 
tion of  the  effect  of  chromatic  aberration  in  the  eye. 

Plans  were  therefore  made  to  ascertain  the  relative  merits  of 
the  two  types  of  glasses  by  an  experimental  study  of  the  fol- 
lowing problems : 

( 1 )  Non-stereoscopic  acuity  tests  under  daylight  illumination, 

(2)  Non-stereoscopic  acuity  tests  under  twilight  illumination, 

(3)  Effect  of  parallax  on  the  discrimination  of  detail, 

(4)  Discrimination  of  objects  possessing  a  brightness  differ- 
ence and  the  effect  of  parallax  on  this  discrimination,  and 

(5)  Effect  of  colored  screens  in  the  eye-piece  on  the  discrimi- 
nation of  detail  and  brightness  differences. 

Unfortunately,  work  on  the  last  three  of  these  was  stopped  by 
an  urgent  request  to  conduct  the  statistical  study  with  military 
officers  as  observers.  The  latter  was  carried  on  at  Camp  Meade, 
Maryland,  under  the  immediate  supervision  of  the  Board  to  Test 
Snipers'  Equipment,  Colonel  Wm.  P.  Jackson,  Chairman. 

*Brit.  Jour.  Psych.,  6,  1913,  p.  78. 
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PART  I. 

Xox-Stereoscopic  Acuity  Tests  Under  Daylight 
Illumination. 

The  jfirst  question  to  which  an  answer  was  sought  in  this  com- 
parative study  of  monocular  and  binocular  vision  was  whether  the 
two  eyes,  acting  in  harmony,  have  appreciably  greater  sensitive- 
ness tlian  either  one  alone;  to  make  it  concrete,  whether  both 
together  can  distinguish  small  details  with  greater  speed  and 
accuracy  than  either  one  alone  when  those  details  are  presented 
on  a  flat  field  at  such  a  distance  that  vision  must  be  aided  by  the 
use  of  a  field-glass. 

CONDITIONS,  APPARATUS  AND  PROCEDURE. 

The  work  was  conducted  under  the  open  sky  upon  the  grounds 
of  the  jMayfield  Country  Club,  near  Cleveland.  The  weather, 
during  the  course  of  the  experiments  which  enter  into  the  re§ults, 
was  variable — sometimes  clear,  sometimes  slightly  hazy,  some- 
times cloudy  and  usually  breezy.  At  times  the  wind  was  such  as 
to  make  it  difficult  to  maintain  the  position  of  the  glass  before  the 
eyes  with  a  sufficient  degree  of  steadiness. 

The  land  lay  so  that  between  the  observer  and  the  object  there 
were  three  depressions.  The  four  eminences  on  this  range — the 
position  of  the  observer  being  one — were  of  such  height  that  the 
line  of  vision  passed  over  them  at  about  the  height  of  an  ordinary 
individual's  eyes.  From  the  last  of  these  the  land  sloped  gently 
downward  tow^ard  the  test  object,  so  as  to  cut  ofif  the  observer's 
view  of  all  objects  at  that  point  less  than  about  130  cm.  from 
the  ground. 

To  conduct  the  work  it  was  necessary  to  communicate  rapidly 
between  the  two  ends  of  the  range,  something  over  half  a  mile. 
This  was  made  possible  by  a  system  of  visible  signals  and  the  use, 
at  either  end  of  the  line,  of  a  terrestrial  telescope  having  a  magni- 
fying power  of  sixty  diameters.  The  atmospheric  impediments, 
although  absolutely  less  eflfective,  were  naturally  most  obvious 
through  these  telescopes,  more  so  than  with  the  unaided  eyes  or 
with  a  field-glass  of  comparatively  low  magnification.  A  marked 
heat-shimmer  was  thus  often  observed  over  the  range,  almost 
always  when  the  sun  was  shining.    On  such  days  as  the  sky  was 
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partially  clouded  there  would  be  periods  of  sunlight  and  shade 
over  the  range,  and  often  a  nearly  maximal  heat-shimmer  would 
be  observed  to  appear  almost  immediately  following  the  appear- 
ance of  the  sunlight,  to  disappear  again  as  quickly  as  a  cloud 
shaded  the  range. 

The  appearance  of  the  test  object  can  be  best  described  by 
saying  that  it  was  a  white  square  on  a  black  ground  with  a  central 
strip,  in  area  one-third  of  the  square,  removed,  thus  leaving  two 
white  bars  (see  Fig.  i).  Taking  the  width  of  one  bar  as  unity, 
the  space  between  them  is  i,  and  their  length  is  3.  By  a  specially 
devised  mechanical  arrangement  this  figure  could  be  changed  pro- 
portionately in  all  its  dimensions,  the  width  of  the  bars  and  the 
intervening  space  decreasing  by  indefinite  gradations  from  12  cm. 
to  o  with  a  simultaneous  and  proportional  decrease  in  the  length 
of  the  bars  from  36  cm.  to  o.  The  case  enclosing  the  mechanism, 
a  shallow  box,  90  cm.  square,  could  l^e  rotated  about  a  central  axis 
normal  to  its  face  so  as  to  present  the  bars  inclined  at  any  angle. 

The  sizes  of  the  test  object  are  designated  by  numbers,  and 
the  consecutive  sizes  differ  in  the  ratio  of  i  :  yJL  .  The  largest  is 
designated  O,  where  the  width  of  the  white  bars  is  12  cm.  There- 
fore, if  n  be  the  numeral  designating  the  size,  the  width  of  each 
bar  will  be  12(3^)"'''*  cm.  The  sizes  for  the  various  designations 
are  given  in  Table  I,  along  with  the  angles  subtended  (without 
magnification)  at  the  observer's  station. 

Table  I. 


Stimulus 

Width 

Angle 

Stimulus 

Width 

AriKle 

Stimulus 

Width 

Angle 

No. 

cm. 

mm. 

No. 

cm. 

mm. 

No. 

cm. 

mm. 

0 

12.00 

0.431 

8 

6.00 

0.216 

16 

3.00 

0.108 

1 

11.00 

■395 

9 

550 

.198 

17 

2.75 

.099 

2 

10.09 

•363 

10 

505 

.182 

18 

2.52 

.091 

3 

9.25 

•333 

II 

463 

.166 

19 

2.31 

.083 

4 

8.49 

•305 

12 

4.24 

•152 

20 

2.12 

.076 

5 

7.78 

.280 

13 

3-89 

.140 

2! 

1-95 

.070 

6 

714 

•257 

14 

3-57 

•125 

22 

1.78 

.064 

7 

6-54 

•235 

15 

3-27 

.118 

23 

1.64 

•059 

8 

6.00 

.216 

16 

300 

.108 

24 

1.50 

•054 

In  the  experiments  the  test  object  was  shown  to  the  observer  in 
only  two  positions,  with  the  bars  either  horizontal  or  vertical.  He 
was  required,  at  a  word,  to  look  at  the  object  with  the  glass  and 
announce  the  position  in  which  he  saw  the  bars  to  be. 
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The  stimuli  comprising  a  series  of  experiments,  as  finally 
settled  upon,  were  ten  to  twelve  consecutive  sizes  of  the  object, 
presented  each  once  in  the  vertical  and  once  in  the  horizontal 
position.  These  were  presented  in  shuffled  order  determined  in 
advance  and  written  on  duplicate  protocol  sheets.  One  of  these 
was  in  the  hands  of  the  recorder,  whose  place  was  at  the  side  of 
the  obsers-er.  and  the  other  was  used  by  the  operator  of  the  test 
object  at  the  other  end  of  the  range. 

The  order  of  procedure  was  as  follows.    The  operator  set  the 

Fig  I. 


Operator's  station. 


test  object  to  the  size  and  position  of  the  first  stimulus  of  the 
series,  according  to  his  sheet,  and  signalled  "  ready."  The  re- 
corder, receiving  the  signal,  gave  the  word  "  go  "  to  the  observer 
and  started  a  stop-watch  as  the  latter  raised  the  glass  to  his  eyes. 
The  obser\'er  announced  to  the  recorder  the  instant  he  dis- 
tinguished the  position  of  the  test  object  by  the  word  "  up  "  for 
the  vertical,  "  down  "  for  the  horizontal  position.  In  the  third 
case,  as  soon  as  he  was  satisfied  that  he  could  not  distinguish  the 
position  of  the  object  he  spoke  the  word  "  cross."  By  means  of 
a  semaphore    (Fig.   2),   he   signalled  the   same  answer  to  the 
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operator  at  the  other  end  of  the  range.  The  recorder  wrote  the 
answer  and  the  time  of  observation  on  his  sheet,  and  the  operator 
wrote  the  answer  signalled  and  at  once  set  the  object  for  the  next 
stimulus  and  gave  the  "  ready  "  signal.  The  observer,  upon  re- 
ceiving the  signal  by  w^ay  of  the  recorder,  acknowledged  it  by 
throwing  the  semaphore  arm  into  a  meaningless  position  and 
again  awaited  the  word  "  go.'"     Several  check  signals  were  ex- 

FlG   2. 


1 

i 
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1 
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Wl  Miiiiiifia  ^i  ■ 

ill^ 

Jr 
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Observer's  station. 


changed  in  the  course  of  the  series  to  make  sure  of  agreement  on 
the  order.  The  recorder's  sheet  was  the  one  preserved,  after 
being  checked  with  the  other. 

For  investigating  one  eye  alone,  a  cap  with  a  ground-glass 
bottom  was  slipped  over  the  opposite  objective  of  the  field-glass. 
With  each  observer  three  series  were  always  run  in  immediate 
succession — right  eye  alone,  left  alone,  and  l)oth  eyes — the  order 
of  these  three  being  systematically  varied  in  all  possible  permu- 
tations. The  three  observers  assumed  the  duties  of  recorder  and 
operator  in  rotation  with  as  few  departures  from  regularity  as 
were  consistent  with  practical  convenience.  The  work  was  done 
from  August  30  to  September  25,  igij,  and  between  the  hours 
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9.00  .-\.M.  and  5.30  P.M.  The  observer  was  aJways  standing  with 
no  additional  support  for  any  part  of  his  body,  nor  for  the  glass. 
The  test  object  was  956  metres  distant  from  him  in  a  direction 
south  40 ~^  east.  Before  and  between  series  he  focussed  the  glass, 
and  also  ad  libitum  during  observation. 

The  instrument  used  was  a  Leitz  prism  binocular  having  a 
magnifying  power  of  six  diameters  and  %-inch  objectives.  This 
instrument  was  chosen  from  among  those  at  hand  (including  a 
five-  and  a  ten-power  navy  l)inocular),  largely  because  it  was 
provided  with  a  simultaneous  focussing  adjustment,  which  the 
others  lacked,  as  well  as  with  a  separate  adjustment  for  one  eye. 
Its  magnification  also  seemed  best  suited  for  experimentation  at 
the  available  distance. 

Upwards  of  4000  experiments  were  made.  The  earlier  por- 
tion of  these  was  considered  to  be  vitiated  by  the  lack  of  special 
experience,  so  that  about  3600  have  been  taken  into  account  in 
computing  the  results  following. 

RESULTS. 

The  results,  including  all  of  the  data  from  the  latter  group  of 
experiments,  are  given  in  Tables  II,  III,  and  IV.  It  is  to  be  noticed 
that  under  those  conditions  in  w^hich  both  right  (7?)  and  indeter- 
minate (.Y)  answers  were  given,  the  average  time  for  the  indeter- 
minate answer  is  almost  always  longer  than  the  average  time 
required  for  the  right  answer.  This  simply  means  that  the 
obser\-er  did  not  prematurely  give  up  the  attempt  to  appreciate 
the  direction  of  the  stripes  on  the  test  object.  On  the  average,  he 
devoted  more  time  to  the  observation  than  was  necessary  to  see 
the  test  object  correctly  in  the  favorable  cases. 

At  worst,  the  object  appeared  as  a  small  white  blur,  of  vari- 
able size.  In  some  cases  it  would  have  a  fluctuating  appearance, 
the  direction  appearing  at  one  instant  vertical,  at  another  hori- 
zontal. This  might  continue  until  the  observer  gave  up  the 
attempt  to  name  the  direction.  Or  possibly,  after  a  period  of  in- 
distinctness or  fluctuation,  the  bars  would  flash  into  consciousness 
.  in  a  vivid  way  that  was  unmistakable.  Often,  on  the  other  hand, 
after  prolonged  observation,  the  answer  was  rendered  with  mis- 
givings and  proved  to  be  correct.  Usually,  if  the  object  was  of 
such  size  as  to  be  at  or  near  the  limit  of  visibility,  the  observer 
would  feel  himself  impelled  to  continue  his  efforts.     When  the 
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object  was  much  below  the  critical  region  he  apparently  recog- 
nized the  fact  and  gave  up  his  efforts  to  see  it  earlier  than  in  the 
corresponding  cases  with  a  larger  stimulus.  This  fact  appears 
from  the  tables  in  examining  the  times  under  the  heading  .Y. 

In  a  very  few  cases  the  observer  returned  an  answer  w^iich 
was  positively  wrong.  A  priori  this  would  suggest  that. he  had 
guessed  at  the  position  of  the  object  and  missed  it.  On  this  sup- 
position it  would  have  to  be  further  considered  that  he  had  also 
guessed  right,  probably  with  equal  frequency  and  that  hence  his 
number  of  truly  right  answers — that  is,  the  number  in  which  he 
could  be  supposed  to  have  actually  seen  the  object — would  be  the 
recorded  number  less  the  number  of  wrong  answers.  However, 
the  scarcity  of  wrong  answers,  the  (often)  long  time  taken  in 
rendering  them,  and  the  fact  that  in  the  case  of  observer  G.  H. 
(who  returned  the  largest  number)  they  occurred  under  condi- 
tions within  which  no  doubtful  judgments  whatever  were  given, 
made  it  appear  that  the  wrong  answers  were  not  due  to  careless 
observation,  nor  to  guessing,  but  rather  to  the  supervention  of 
some  unusual  condition  in  the  observer.  It  was,  therefore,  de- 
cided to  leave  them  entirely  out  of  consideration.  As  a  matter  of 
fact,  the  final  results  are  only  very  slightly  altered  by  so  doing. 

On  examining  the  recorded  times  required  for  observation,  it 
was  noticed  that  of  the  experiments  under  any  one  condition  a  few 
showed  inordinately  long  times,  as  though  these  also  represented 
conditions  much  out  of  the  usual  run.  To  these  groups  (repre- 
senting practically  all  the  observations)  Chauvenet's  criterion  was 
applied,  and  the  experiments  having  improbable  time  values  were 
also  eliminated.  The  remaining  data  are  given  in  Tables  II-A, 
III-A,  and  IV-A. 

The  values  in  the  last-mentioned  tables  were  used  in  making 
the  plots  (Figs.  3,  4,  and  5).  Average  times  representing  less 
than  five  results  were  not  plotted.  The  especial  points  to  l)e 
noticed  in  these  are: 

(i)  With  relatively  large  stimuli  the  time  of  observation  is 
small,  two  to  eleven  seconds,  increasing  rather  rapidly  w'ith  de- 
crease in  stimulus  size  once  the  region  is  reached  whore  the  inde- 
terminate judgments  appear. 

(2)  With  stimuli  of  such  size  that  lK)th  right  and  indeter- 
minate judgments  appear,  the  time  required  is  larger  for  the  latter 
than  for  the  former. 
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(3)  The  time  of  observation  required  for  indeterminate 
judgments  is  longer  in  the  stimulus-region  of  mixed  judgments 
than  it  is  with  smaller  stimuli  where  indeterminate  judgments 
are  the  rule. 

In  the  separate  use  of  each  eye  alone  all  three  of  the  observers 
showed  distinctly  better  results  with  one  eye  than  with  the  other. 
The  fact  that  the  better  results  were  obtained  with  the  right  eye 

Fig  3. 
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of  one  observer  (W.  W.)  and  with  the  left  of  the  other  two 
(P.  W.  C.*)  and  (G.  H.)  would  indicate  that  the  difference  was 
not  due  to  imperfect  matching  or  adjustment  of  the  optical  parts 
of  the  binocular. 

The  final  comparison  to  be  made  is  between  the  results  ob- 
tained with  the  l^etter  eye  alone,  and  those  obtained  binocularly. 

In  the  case  of  observer  P.  W.  C.,  the  results  obtained  with  the 
left  eye  alone  were  distinctly  better  than  those  obtained  with  the 
two  eyes  together.  It  appears  further  that  the  difference  between 
the  two  eyes  is  greater  in  the  case  of  this  observer  than  for  either 
of  the  others,  the  binocular  results  falling  in  an  intermediate 
position  (Fig.  3).  Measured  as  difference  in  the  size  of  the  test 
object  the  left  eye  is  about  4  per  cent,  better  than  both,  the  right 
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1 1  per  cent,  poorer.  These  differences  are  computed  from  the 
segment  of  the  abscissa  Hne  corresponding  to  50  per  cent,  fre- 
quency cut  off  by  the  respective  pairs  of  curves  in  the  plot. 

With  this  observer  the  times  run  a  course  parallel  with  the 
degree  of  uncertainty  of  judgment.  At  stimulus  No.  12,  to  illus- 
trate, the  frequencies  of  right  answers  are  0.500  with  the  right 
eye,  0.794  with  both,  and  0.875  with  the  left.    The  corresponding 

Fig  4. 
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times  are  22.6,  10.3,  and  7.9  seconds,  greater  as  vision  is  more 
uncertain  and  vice  versa.  It  would  seem  that  this  observer  had 
distributed  his  time  fairly  consistently  with  the  diflficulty 
of  observation. 

Turning  to  the  plot  of  the  results  of  observer  G.  II.  (Fig.  4). 
we  see  that  in  his  case  the  frequencies  of  right  answers  for 
binocular  vision  are  greater  than  for  either  eye  alone,  the  left  and 
right  eyes  falling  below  to  the  extent  of  about  2  per  cent,  and  6 
per  cent,  respectively.  Referring  to  the  time  plot  we  see  that  the 
right  eye  falls  off  in  frequency  in  spite  of  the  greater  time  con- 
sumed in  observation.     On  the  contrar>',  with  the  left  eye,  as 
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compared  with  binocular  vision  the  frequency  is  only  slightly  less, 
and  the  time  of  observation  is  also  less,  leaving  open  the  possi- 
bility that  the  apparently  better  results  with  both  eyes  may  be  due 
to  more  careful  observation  rather  than  to  binocular  synergy. 

The  results  of  observ^er  W.  W.  (Fig.  5)  do  not  readily  admit 
of  estimations  on  which  to  base  quantitative  comparisons.  His 
left  eye  shows  about  7  per  cent,  poorer  vision  than  both  together. 

Fig  5- 
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The  frequencies  for  the  right  eye  plot  irregularly,  and  at  stimuli 
Nos.  12  and  13  only  does  there  appear  to  be  a  material  advantage 
in  favor  of  binocular  vision.  A  glance  at  the  time  plot  shows  that 
here  again  the  greater  certainty  of  vision  is  accompanied  by 
greater  time  of  observation.  In  other  words,  the  case  is  the  same 
at  these  two  points  as  it  is  in  general  for  observer  G.  H. 

The  uncorrected  data  examined  in  the  manner  of  the  fore- 
going furnish  no  contradictory  evidence.  In  general  the  differ- 
ences just  pointed  out,  both  as  to  frequency  and  time,  are  less  in 
amount,  and  the  relations  between  them,  therefore,  less  clear  cut. 
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CONCLUSIONS. 

The  point  investigated  in  this  part  of  the  work  is  whether  in 
the  use  of  a  binocular  field-glass  the  two  eyes  reinforce  each  other 
to  any  material  extent.  The  conditions  are  full  daylight  illumina- 
tion, and  the  criterion  is  vision  of  detail  of  minimal  size  and 
maximal  contrast  in  a  test  object  located  entirely  in  one  plane 
normal  to  the  line  of  sight. 

In  the  cases  of  two  of  the  observers  the  eyes  used  singly  show 
differences  of  about  4  per  cent,  and  7  per  cent.,  respectively,  in 
acuity.  No  decisive  advantage  was  found  in  the  use  of  the  two 
eyes  together  over  the  use  of  the  better  eye  alone. 

In  the  third  observer  there  was  a  difference  in  acuity  of  about 
15  per  cent,  between  the  two  eyes,  and  in  his  case  the  use  of  both 
eyes  gave  residts  about  4  per  cent,  poorer  than  the  use  of  the 
better  eye  alone. 

Such  differences  as  were  found  to  exist  between  the  two  eyes 
of  the  several  observers  would  be  difficult  or  impossible  to  detect 
by  means  of  usual  ophthalmologic  practice.  The  observers 
could  not  be  considered  to  have  abnormal  vision  in  the  accepted 
sense  of  the  term. 

It  is  here  to  be  remembered  that  in  the  two  cases  (monocular 
and  binocular  vision)  the  task  of  raising  the  glass  to  the  eyes  and 
maintaining  it  in  proper  position  has,  by  the  mode  of  procedure, 
been  made  identical.  If  this  work  had,  on  the  contrary,  been 
conducted  with  monocular  and  binocular  glasses  as  supplied  to 
the  market,  it  seems  obvious  that  the  results  would  have  been 
influenced  to  a  great  extent  by  the  relative  degrees  of  stability 
possible  with  the  respective  mountings. 

E.XPLANATION  OF  TaBLE.S  II-IV   AND  II-A-IV-A. 

Tables  II,  III  and  IV  are  computed  from  all  of  the  results  in  the 
experiments  considered-  R  indicates  "  right  answer,"  ]V  "  wrong "  and 
X  undetermined. 

Under  "Time"  is  given  in  each  case  the  average  time  reciuired  for  obser- 
vation, followed  by  its  mean  deviation.  Under  "  Number  "  will  be  found  the 
number  of  experiments  entering  into  the  respective  average  time.  The  "  fre- 
quency "  applies  to  the  stimulus-value,  and  is  here  the  fraction  of  the  whole 
number  of  experiments  upon  that  stinuilus  in  which  right  answers  wore  given. 
Tables  II-A,  III-A  and  IV-A  were  similarly  prepared  after  eliminating 
those  experiments  in  which  wrong  answers  were  given  and  those  in  which  the 
time  of  observation  was  of  improlial)le  length  (see  page  194). 
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Table  II. 

Summary  of  Results. 

Tabulation  of  the  Number  of  Right  (/?).  Wrong  iW).  and  Indeterminate  (X)  Answers  for 
Each  Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the 
Above  Sets  of  Answers,  Together  with  Their  Mean  Deviations;  and  the  Statistical  Fre- 
quency of  the  Occurrence  of  Right  .\nswers. 


Observer  P.  W.  C. 


Stimulus 

Time  in  Seconds 

Number 
R       IV      X 

Frequency 

Number 

R 

W                        X 

R/(R  +  W+X) 

Both  eyes. 

9 
10 
II 
12 
13 
14 
15 
16 

17 

18 


71=^  3-7 
8.2  ±  4.2 
12.3  ±  7.6 
15-3=^  8.8 
27.0=1=13.8 
39.0  =«=  16.2 
31.3*16.2 


31.0=*=  o 
30.0*19.0 
46.0  =*=o 


o 

14.4 


82.0 

37-1 

38.9*12.8 
45.8*18.1 
37.5*12.2 

35-5=*=  10.3 
25.1*  8.6 
22.2*  7.5 


41 
41 
40 

33 

24 

II 

3  o  38 
o  o  38 
o  o  38 
o  o  38 


1. 000 
1. 000 
0.976 
0.805 
0.586 
0.268 
0.073 
0.000 
0.000 
0.000 


Left  eye. 


9 
10 
II 
12 
13 
14 
15 
16 
17 


51=^  1-6 
5.6*  1.8 

7-4=^  3-4 
14.2*10.4 
14.8*10.5 
24.5*15.2 
28.3*15.4 
20.0*  2.7 


350*  o 


33.0*  o 

33-8*  5-3 
42.0*12.4 
46.7*16.0 
38.6*13.0 
33.2*12.6 
24.2*  7.3 


38  o 

41  o 

41  o 

40  o 

37  o 

30  I 

16  o 

3  o 

o  o 

o  o 


o 
o 
o 
I 

4 
10 

25 
38 
38 
38 


1. 000 
1. 000 
1. 000 
0.976 
0.902 
0.732 
0.390 
0.073 
0.000 
0.000 


Right  eye. 


6 

7 
8 

9 
10 
II 
12 
13 

15 


4.8* 

1.4 

5-2* 

2.1 

6.3^ 

2.4 

lO.O* 

7-5 

12.0* 

7-9 

15-6* 

8.8 

22.6* 

11.6 

31-9* 

131 

313* 

3-« 

77.0  = 


43.0*17.0 

29.0*  2.0 
47.1*12.4 
50.0*13.6 
39.9*10.5 
31.0*  9.2 
28.8*  8.4 


38 
38 
38 

39 
39 
34 
20  o  21 

30 


10  I 

3 
o 


o  38 
o  41 


1. 000 

1. 000 
1. 000 

0.951 
0.951 

0.829 
0.488 
0.244 

0.007 
0.000 
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Table  II-A. 

Corrected  Results. 

A  Summary   Similar  to  Table  II,   but  with  Wrong  Answers  Omitted  and   Huge  Time-values 
Eliminated  by  the  Application  of  Chauvenet's  Criterion. 

Observer  P.  W.  C. 


Stimulus 

Time  in  seconds 

Number 
R            X 

Frequency 

Number 

R                                X 

R/(R+X) 

Both  eyes. 


9 

10 

II 

12 

13 
14 
15 
16 

17 
i8 


82 

0± 

0 

.37 

I± 

14.4 

^?, 

6± 

8.1 

41 

8± 

14-3 

35 

3* 

10.5 

33 

3* 

8.8 

22 

■7^ 

6.5 

21 

4^ 

6.8 

37 

0 

36 

0 

29 

I 

27 

7 

21 

13 

II 

27 

3 

36 

0 

36 

0 

34 

0 

37 

1. 000 

1. 000 

0.967 
0.794 

0.617 
0.289 

0.077 

0.000 
0.000 

0.000 


Left  eye. 


9 
10 
II 
12 
13 
14 
15 
16 

17 


4.4  ± 

0.9 

4.8  ± 

I.O 

5-7=^ 

1.4 

7-5=^ 

2-5 

7-9* 

2.7 

i5-6=t 

6.2 

18. 2± 

50 

20.0  =fc 

2-7 

33 

0 

37 

0 

36 

0 

31 

I 

28 

4 

24 

8 

12 

25 

3 

37 

0 

37 

0 

34 

1. 000 

1. 000 

1. 000 
0.969 

0.875 
0.750 
0.324 
0.075 

0.000 
0.000 


Right  eye. 


6 

40=*=   0.5 
4.1=*=   0.8 
5.o=fc  0.7 
4.8*  0.8 

31 
33 
33 
27 

0 

1. 000 

7 
8 

0 

1. 000 

0 

1. 000 

9 

43.0*17.0 

2 

0.931 

10 

7.8  ±   2.9 

29.0  =t   2.0 

33 

2 

0-943 

1 1 

ii.4=t  4.7 

40.8=*=   8.2 

29 

6 

0.829 

12 

22.6  =fc  1 1.6 

46.9=4=11.2 

20 

20 

0.500 

'3 

3i-9*i3i 

35-8^   6.7 

10 

27 

0.270 

14 

31-3*   3-8 

27.6=t   3.8 

3 

34 

0.081 

'5 

28.8  =t   8.4 

0 

41 

0.000 
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Table  III. 
Summary  of  Results. 

A  Tabulation  of  the  Number  of  Right  (/?),  Wrong  (W),  and  Indeterminate  {X)  Answers  for 
Each  Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the 
Above  Sets  of  Answers,  Together  with  Their  Mean  Deviations;  and  the  Statistical  Fre- 
quency of  the  Occurrence  of  Right  Answers. 

Observer  G.  H. 


Stimulus 

Time  in  seconds 

Number 
R     W     X 

Frequency 

Number 

R 

W 

X 

R/(R+W+X) 

Both  eyes. 

9 
10 
II 
12 
13 
14 
15 
16 

17 


4-7=^ 
7.0=1= 
10.2  =t 
15.2=*= 
19. 1  =fc 
18.4  =t 
18.9  =t 

331* 
12.0  =fc 


1.8 

4-5 

7-3 

11.6 

13.2 

10.0 

10. 1 

16.6 

o 


23.0  = 


23-5=^  2.5 
41.5=^22.5 
32.0  ±  o 

31.0=^=13.0 


530  =t  o 

34.0  ±  6.0 
40.7*14.0 

42.1  ±11.0 

33.0  =±=12.0 

25.8  =t    8.4 
23.8*    9.6 

19.2  ±    8.3 


38 
40 
40 

37 
33 
25 
16 

9 
I 
o     o     36 


1  15 

2  23 
o  32 
o  37 


1. 000 
0.976 
0.976 
0.902 
0.805 
0.610 
0.390 
0.219 
0.026 
0.000 


Left  eye. 


8 

7.1  ±  4.9 
6.7=1=  4.0 
10.4*   7.3 
12.3*  8.3 
I3.i=t   8.9 
20.0=1=14.1 
22.7*16.4 
27.3=1=11.0 
9.0=1=  0 
14.0=1=  0 

11.0=1=  0 
22.0  =t  0 

37 

40 

40 

36 

34 

23 

15 

7 

I 

I 

I 
I 
0 
0 
I 
I 
2 
2 
I 
0 

0 
0 

I 

5 
6 

17 
24 

32 
37 
36 

0.974 
0.976 
0.976 
0.878 
0.830 
0.561 
0.366 
0.171 
0.026 
0.027 

9 
10 

42.0=1=  0 
37.2  =±=   7.0 
34-3=^   8.7 
34.o=fcio.o 
34.6=^x5.5 
28.3=1=13.0 
20.5=1=  9.1 
177*   7-3 

II 

12 
13 
14 
15 
16 

17 

9.0=1=   0 
38.0=1=  0 
17-5*  3-5 
42.5=^   9-5 
120.0=1=  0 

Right  eye. 


9 
10 
II 
12 
13 

15 

16 


4.9 
4.4 
5-6 
8.1 
11.4 

145 
18.0 
23.0 
18.8 
25.2 
17.0 


*  3 

*  I 

*  3 

=^  5 

^  ?■ 

±10 
*I2 

=ti4 


8.0=1=  3.0 
4.0=1=  o 
i3.o=t  2.0 


11.0=1=  o 
350=*=  o 
245=*=  195 
i7.o=fc  o 


465*  9-8 
39.8=1=14.8 
32.2=1=18.7 
31.1*10.4 
28.7*12.9 
23.4*  8.7 
18.7=*=   7-3 


38  o 

38  o 

39  2 

40  I 
39  2 
37  o 
33  o 
25 
16 

5 
I 
o 


o 
o 
o 
o 
o 

4 
8 

15 
24 
34 
36 
38 


1. 000 
1. 000 
0.951 
0.976 
0.951 
0.902 
0.805 
0.610 
0.390 
0.122 
0.026 
0.000 
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Table  III-A. 

Corrected  Results. 

A  Sammary  Similar  to  Table  III  but  with  Wrong  Answers  Omitted,  and  Huge  Time-values 
Eliminated  by  the  Application  of  Chauvenet's  Criterion. 

Observer  G.  H. 


Stimulus 

Time  in  seconds 

Number 
R            X 

Frequency 

Number 

R                              X 

R/R(+X) 

Both  eyes. 


8 

4.7  ±    1.8 
4.0  =fc   0.9 
8.3=^  5-2 

38 
30 

38 

0 

1. 000 

9 

10 

0 

1. 000 

53-0*  0 

I 

0.974 

II 

9-6*   50 

34.0  =fc  6.0 

33 

2 

0.943 

12 

17.1  ±11.2 

40.7*14.0 

32 

6 

0.842 

13 

18.4=^10.0 

42.1  ±11.0 

25 

15 

0.625 

14 

I4.6=t   6.1 

30.5=^   94 

14 

22 

0.389 

15 

33.i=fci6.6 

25.8*   8.4 

9 

32 

0.220 

i6 

I2.0=fc    0 

2i.8=fc    7.7 

I 

35 

0.028 

17 

15-5=^   4-8 

0 

31 

0.000 

Left  eye. 


8 

4.9  ±   2.2 
5-3*   2.3 
4.9=*=    1.2 

33 
37 
26 

0 

1. 000 

9 
10 

0 

1. 000 

42.0*  0 

I 

0.963 

II 

7.9*  3-8 

37.2*   7.0 

29 

5 

0.853 

12 

7-4*   2.4 

34-3*   8.7 

26 

6 

0.812 

13 

154*  94 

34.0*  lO.O 

21 

17 

0.553 

14 

13.6  ±   8.6 

32.2*12.8 

12 

23 

0.343 

15 

27.3*11.0 

20.7*  5.8 

7 

26 

0.212 

16 

9.0=*=  0 

17.3*  6.0 

I 

34 

0.029 

17 

14.0*  0 

13-8*   3-9 

I 

30 

0.032 

Right  eye 


5 
6 

7 
8 

9 
10 
II 
12 
»3 
14 
15 
16 


2.9* 

4.4* 

3-9* 

6.7=*= 

1 1.4* 

10.3* 

16.0* 

23.0* 

18.8* 

25.2* 

17.0* 


0.6 

1-7 
i.o 
3-8 

7-1 
6.4 
10.3 
14.9 
8.9 
8.6 
o 


46.5*  9.8 
33.4*  9.6 
32.2*18.7 
31.1*10.4 
28.7  *I2.9 
20.4*  6.1 
15.6*   4.2 


29 

0 

38 

0 

33 

0 

38 

0 

39 

0 

33 

4 

32 

7 

25 

15 

16 

24 

5 

34 

I 

33 

0 

33 

1. 000 
1. 000 
1. 000 
1. 000 
1. 000 
0.892 
0.821 
0.625 

0.400 

0.128 
0.029 
0.000 
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Table  IV. 

Summary  of  Results. 

A  Tabulation  of  the  Number  of  Right  (/?),  Wrong  (H'),  and  Indeterminate  (X)  Answers  for 
Bach  Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the 
Above  Sets  of  Answers,  Together  with  their  Mean  Deviations;  and  the  Statistical  Fre- 
quency of  the  Occurrence  of  Right  Answers. 

Observer  W.  W. 


Stimulus        ' 

Time  in  seconds 

Number 
R       W      X 

Frequency 

Number        t 

1 

R 

W                          X 

R/(R+W+X) 

Both  eyes. 

9 
10 
II 
12 
13 
H 
15 
16 


51* 

1.8 

6.5=^ 

4.0 

7-3* 

3-6 

10.9=*= 

7.6 

17.1=*= 

12.0 

22.5  ± 

15.8 

34-9=^ 

24.0 

32.5=*= 

17.8 

340=^ 

20.3 

90.0  ±  o 

63.0=1=  3.0 


4.S 

o=fc  0 

63 

8=^38.8 

46 

8±i7.3 

41 

7±ii.7 

33.9=^140  1 

30 

0±II.I 

27 

8  ±10.6 

36  o 
42  o 

42 

41 
38 

33 
22 

13 
7 
o 


o 
o 

0 

I 

4 
10 

19 

27 
35 
36 


1. 000 
1. 000 
1. 000 
0.976 
0.904 
0.767 

0.524 
0.309 
0.167 
0.000 


Left  eye. 


6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 


6.0  = 

8.0  = 

8.1  = 

11. 1  = 

16.4  = 

20.5  = 
20.9  = 

28.2  = 
41.4  = 
45-0  = 


■  2.4 
■■  41 
^  3-9 
:  6.6 
■■  9.8 

13.0 

■  9.6 

14-3 
=  9.7 

■  o 


38.5  = 
53-5  = 

31.2  = 
33-2  = 

29.3  = 
26.1  = 
20.6: 


II-5 
16.3 

■■   6.9 

:   8.8 

■  9-3 
^  8.3 
=  5-4 


36 
36 
42 
42 
40 

31 
25 
12 

5 
I 
o 


o 
0 
0 
o 

2 
II 
17 
30 

37 


o  41 
o  30 


1. 000 

1. 000 

1. 000 
1. 000 

0.952 
0.738 

0.595 
0.286 
0.II9 
0.024 
0.000 


Right  eye. 


6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 


6.1  =t 

3-1 

5-9* 

2.2 

12. 7± 

10.6 

7-5* 

3-2 

14.9* 

II. 0 

17-5* 

II.7 

21.4=*= 

17.8 

19.9=*= 

"•3 

26.1  ± 

16.0 

18.3=*= 

9-5 

26.0=»=21.0 


550  =t  O 

43-6  =t  8.9 

41. 1  ±  9.9 

32.6=*=  9.0 
357=^14-8 

26.o=fc  8.1 

25.6=t  8.4 


36 
36 
42 
42 
39 
38 
30 
19 
15 
7 
o 


0 
o 
o 
o 
I 

5 
12 

23 
27 
35 
32 


1. 000 
1. 000 
1. 000 
1. 000 
0.929 
0.884 
0.714 
0.452 

0357 
0.167 
0.000 
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Table  IV-A. 

Corrected  Results. 

A  Summary  Similar  to   Table   IV  but  with  Wrong  Answers  Omitted,  and   Huge   Time-values 
Eliminated  by  the  Application  of  Chauvenet's  Criterion. 

Observer  W.  W. 


Stimulus 
Number 


Time  in  seconds 


Number 
R  X 


Frequency 
R/(R+X) 


Both  eyes. 


Left  eye. 


6 

6.0  =fc  2.4 

6.2  =fc  2.8 

6.5  ±  2.2 

8.7  =t  4.0 

13.0  ±  6.4 

i8.9±ii.5 

19.7='=  8.6 

28.2  ±14.3 

4i.4±  9.7 

45.0  ±  0 

36 

?,3 
40 

36 
30 
24 
12 

5 

I 

.   0 

0 
0 
0 
0 
2 

10 
16 
28 
37 
41 
28 

1. 000 

7 
8 

1.000 

1. 000 

9 

lO 

II 

12 

13 
14 
15 
i6 

1. 000 

38.5*  1 1-5 
48.3=1=18.0 

29-5=^  7-3 
31-3*  8.3 
29-3=^  9-3 
26.1=1=  8.3 

194*  4-3 

0.947 
0.750 
0.600 
0.300 
0.119 
0.024 
0.000 

Right  eye 


6 

4-6*  1.3 
5-1*  1-5 
6.2  =t  1.7 

5-8  ±  1.5 
7.4  ±  2.2 

34 
2,3, 
34 
36 
29 

0 

1. 000 

7 
8 

0 

1. 000 

0 

1. 000 

9 
10 

0 

1. 000 

55-0  ±  0 

I 

0.967 

II 

17.5*11.7 

43.6*14.3 

38 

5 

0.884 

12 

II. 6±  7.5 

41. I*  9.9 

24 

12 

0.667 

13 

11-6=*=  3-3 

29.6*  6.7 

13 

21 

0.372 

14 

26.1  ±16.0 

26.4  =fc  5.1 

15 

21 

0.417 

15 

18.3=*=  9-5 

24.3=*=  6.6 

7 

33 

0.175 

16 

22.2*  5.3 

0 

29 

0.000 
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PART  II. 

Xon-Stereoscopic  Acuity  Tests  Under  Twilight 
Illumination. 

Certain  investigations  by  Piper  "*  in  the  functions  of  the 
eyes  have  shown  a  mutual  reinforcement  of  the  two  eyes  when 
these  were  adapted  to  Hght  of  low  intensity  by  a  period  of  dark- 
ness, while  the  same  eyes  coming  immediately  from  the  light 
showed  no  such  reinforcement.  The  test  object  in  his  work  was 
a  field  of  considerable  extent,  and  the  measure  of  sensitivity  was 
the  lowest  brightness  at  which  the  field  could  be  seen.  At  first, 
after  coming  from  the  light  into  the  dark  room,  it  was  found  that 
the  lowest  perceptible  brightness  w^as  the  same,  whether  one  or 
two  eyes  were  used.  In  the  course  of  an  hour  in  the  dark  the 
sensitivity  of  vision,  measured  by  this  criterion,  increased  enor- 
mously ;  and  at  the  end  of  that  period  it  was  found  that  the 
lowest  perceptible  brightness  for  one  eye  was  nearly  or  quite 
double  that  required  for  binocular  vision. 

This  and  other  facts  that  have  appeared  from  research  in 
physiological  optics  have  given  rise  to  a  theory  of  two-fold  func- 
tion of  the  retina.  The  anatomical  representatives  of  the  two 
functions  are  respectively  the  rods  and  cones,  and  the  theory, 
briefly  stated,  follows : 

( 1 )  The  cones  of  the  retina  are  exclusively,  or  at  least  pre- 
dominantly, functional  at  ordinary  daylight  intensities;  and 
also  below  this  to  the  point  where  colors  cease  to  be  differen- 
tiated as  such. 

(2)  At  this  point  the  rods  have  exclusively  assumed  the 
function  of  vision,  the  cones  dropping  out  by  reason  of  their 
lower  sensitiveness. 

This  theory  is  borne  out  by  abundant  evidence.  A  series  of 
experiments  upon  the  eye,  extending  through  both  these  ranges 
of  intensity,  almost  invariably  shows  that  vision  accords  with 
different  laws  in  the  two  regions.  These  two  modes  of  vision  are 
so  distinct  that  they  have  received  the  respective  designations, 
"  davlight  vision  "  and  "  twilight  vision." 

The  present  work  was  undertaken  as  supplementary  to  the 
work  treated  in  Part  I  of  this  report,  and  the  aim  was  to  investi- 

*  Klin.  Monatsbl.  f.  Augenheilk,  3,  1907,  p.  357. 
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gate  the  same  point  under  twilight  illumination.  It  was  conducted 
with  the  same  apparatus  and  by  the  same  methods  as  far  as  was 
consistent  with  this  essential  condition. 

APPARATUS  AND  PROCEDURE. 

Natural  twilight  is  invariably  a  rapidly  changing  quantity, 
and,  therefore,  for  purposes  of  experiment  it  is  necessary'  to  simu- 
late it  by  artificial  means  which  may  be  held  in  a  constant  state. 
This  work  was  then  necessarily  performed  under  cover.  It  early 
appeared  that  the  relatively  short  distances  available  in  laboratory 
rooms  of  ordinary  size  were  inadmissible  for  the  purpose.  The 
degree  of  convergence  required  of  a  pair  of  eyes  looking  through 
a  prism  binocular  is  greater  by  two  factors  than  that  required, 
at  the  same  actual  distance,  of  the  unaided  eyes.  These  factors 
are  :  ( i )  the  ratio  of  the  axial  separation  of  the  two  objectives  to 
that  of  the  subject's  eyes,  and  (2)  the  magnification  of  the  glass. 
In  the  present  case  the  product  of  these  two  factors  (1.75  x6) 
is  10.5.  At  a  distance  of  7  metres,  with  the  glass,  a  (computed) 
degree  of  convergejice  is  required  corresponding  to  a  distance 
of  67  cm.,  which  in  turn  tends  to  induce  accommodation  for  that 
distance.  That  such  accommodation  takes  place  to  some  extent  is 
shown  by  the  simple  experiment  of  focussing  the  two  limbs  of  the 
binocular  separately  and  monocularly  on  an  object  at,  say,  7 
metres;  then  in  attempting  to  use  it  with  both  eyes  it  will  be 
found  to  be  no  longer  in  focus  for  the  same  object.  Satisfactory 
refocussing  w^as  not  practicable  under  the  light  conditions  planned. 
Increasing  the  illumination  and  involving  an  additional  loss  of 
time  waiting  for  the  subject  to  readapt  to  the  experimental  con- 
dition was  inexpedient.  This  detail  of  the  problem  was  finally 
.solved  by  finding  a  range  of  adequate  length. 

The  work  was  actually  carried  out  in  one  of  the  underground 
tunnels  at  Nela  Park,  constructed  and  used  as  a  conduit  for  pipes 
and  electric  wires.  A  stretch  of  tunnel  was  available  which 
easily  made  possible  a  range  of  81.65  metres,  measured  from  the 
eyes  of  the  observer  to  the  test  object.  The  convergence  de- 
manded in  the  use  of  the  binocular  at  this  distance  is  equal  to  that 
required  in  ordinary  vision  at  a  distance  of  (81.65/10.5  =)  y.S 
metres.  The  grade  of  accommodation  corresponding  to  this  dis- 
tance and  degree  of  convergence  is  well  below  the  limit  accepted 
in  the  practice  of  ophthalmology  as  negligible. 
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The  clear  space  in  the  tunnel,  left  as  a  runway,  has  a  width  of 
1.4  metres,  and  its  height  is  sufficient  to  permit  a  man  of  average 
height  to  walk  easily  without  stooping.  The  observations  were 
made  from  a  seated  posture,  one  of  the  observers  being  somewhat 
too  tall  to  stand  comfortably  in  the  tunnel.  Signals  were  ex- 
changed by  means  of  buzzers  between  the  experimenter  and 
the  observer. 

The  test  object  was  illuminated  by  projecting  upon  it  the 
much  enlarged  image  of  a  highly  illuminated  disc  of  milk  glass 
set  in  the  side  of  a  Thorington  ophthalmological  chimney.  Within 
the  chimney  was  a  40-watt  tungsten  filament  vacuum  lamp  kept 
at  a  constant  current.  Over  the  lens  which  projected  the  image  of 
the  disc  was  placed  a  piece  of  blue  glass  known  as  "  north  sky- 
light glass  "  which  with  the  lamp  used  gave  light  of  an  approxi- 
mate daylight  color. 

The  illumination  upon  the  test  object  from  this  device  meas- 
ured, at  the  conclusion  of  the  experiments,  with  a  Macbeth  Illumi- 
nometer  was  found  to  be  0.0 1 1  metre  candle  (0.0012  foot  candle). 
At  this  low  illumination  and  with  the  white  stripes  of  the  test 
object  the  only  visible  objects,  it  was  found  difficult,  in  some 
cases,  to  get  the  glass  oriented  upon  the  object  at  all  promptly. 
Further,  actual  outdoor  twilight  vision  almost  never  occurs  in 
this  way.  The  object  is  almost  always,  in  this  case,  seen  upon  a 
large  field,  of  very  low  brightness  and  vague  in  detail,  but  suf- 
ficiently distinct  to  act  as  a  guide  in  orientation  with  or  without 
the  glass. 

To  obviate  this  trouble  a  foreground  was  constructed.  It  was 
a  frame  of  light  boards  having  a  central  rectangular  opening  1.26 
metres  high  by  0.82  wide.  The  width  of  the  sides,  top,  and  bot- 
tom of  the  frame  (about  30  cm.)  made  it  large  enough  to  fill  the 
cross-section  of  the  tunnel,  1.9  by  1.4  metres.  This  frame  was 
painted  white  and  hung  at  a  distance  of  15.5  metres  from  the 
observer.  By  a  separate  light  it  wars  illuminated  to  a  point  that 
made  observation  convenient,  but  never  to  appear  brighter  than 
the  test  object.  This  was  left  to  the  discretion  of  the  individual 
observer,  and  for  him  it  was  kept  always  the  same.  While 
actually  observing  through  the  glass,  the  field  appeared  about  as 
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shown  in  Fig.  6.  For  one  of  the  observers,  P.  W.  C,  who  wore 
glasses,  the  field  was  restricted  so  that  the  top  and  bottom  were 
not  simultaneously  visible. 

Before  the  begininng  of  each  experimental  session  the  subject 
was  allowed  to  sit  in  his  place  under  the  experimental  conditions 
in  order  that  his  eyes  might  become  dark  adapted.  The  time 
required  for  this  was  variable,  from  five  to  twenty  minutes  or  so, 
the  observer  judging  for  himself  what  was  adequate,  guided 
largely  by  the  disappearance  of  the  subjective  shadows  which  he 

Fig  6. 


Appearance  of  field. 

perceived  during  this  time,  drifting  about  his  visual  field.  After 
adaptation  the  test  object  was  visible,  but,  of  course,  not  resolv- 
able, to  the  unaided  eyes. 

The  experimental  procedure  was  essentially  the  same  as  in  the 
work  already  described  in  Part  I  of  this  report,  except  for  the 
details  mentioned.  Table  V  is,  in  part,  a  repetition  of  Table  I, 
Part  I,  the  values  under  the  head  "  Angle,  minutes  "  having  been 
recomputed  and  being  the  angles  subtended  by  one  of  the  white 
elements  of  the  test  object,  without  magnification,  at  the  distance 
here  used,  81.65  metres. 
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Stimulus 

Width 

Angle 

Stimulus 

Width 

Angle 

Stimulus 

Width 

Angle 

No. 

cm. 

nun. 

No. 

cm. 

mm. 

No. 

cm. 

mm. 

0 

12.00 

505 

8 

6.00 

2.53 

16 

3.00 

1.26 

I 

11.00 

463 

9 

550 

2.32 

17 

2.7s 

1. 16 

2 

10.09 

425 

10 

504 

2.12 

18 

2.52 

1.06 

3 

925 

390 

II 

4.62 

1-95 

19 

2.31 

0.97 

4 

8.49 

3-57 

12 

4.24 

1.79 

20 

2.12 

0.89 

5 

7.78 

3-28 

13 

389 

1.64 

21 

1.94 

0.82 

6 

7.14 

300 

14 

3-57 

1.50 

22 

1.78 

0.75 

7 

6.54 

2.76 

15 

327 

1.38 

23 

1.64 

0.69 

8 

6.00 

2-53 

16 

3.00 

1.26 

24 

1.50 

0.63 

RESULTS. 


The  average  times  of  observation,  for  right,  wrong  and  inde- 
terminate answers,  and  for  each  size  of  test  object  used  are 
given  in  Tables  VI,  VII,  and  VIII.  The  mean  deviations  appear 
following  the  mean  values.  The  numbers  of  right,  wrong  and 
indeterminate  answers  for  the  various  conditions  are  also  given, 
and  in  the  last  column  the  net  frequency  of  right  answers.  In 
considering  this  last,  it  is  to  be  remembered  that  in  the  pre- 
vious work  the  w-rong  answers  were  at  most  very  few,  and  they 
were  left  totally  out  of  consideration.  However,  in  the  present 
work,  in  the  case  of  one  observer,  they  were  numerous  enough 
to  be  of  importance,  and  it  was  not  thought  permissible  to  dfop 
them  altogether. 

Obviously  a  wrong  answer  results  from  judgment  in  the  ab- 
sence of  correct  vision  of  the  object.  Such  judgment  (since  the 
two  positions  of  the  object  represent  two  possibilities)  would,  in 
the  long  run,  result  in  equal  numbers  of  right  and  wrong  answers. 
Therefore,  there  is,  in  probability,  a  right  answer  given  in  the 
absence  of  correct  vision  for  every  wrong  answer  returned  under 
the  same  conditions,  and  the  net  number  of  right  answers,  or  the 
number  of  "  truly  "  right  answers  is  taken  as  the  number  of  rights 
minus  the  number  of  wrongs.  For  this  reason  the  frequencies  in 
Tables  VI,  VII,  and  VIII  are  computed  as  the  ratios  of  the  net 
number  of  right  answers  ("right"  minus  "wrongs")  to  the 
total  number  of  experiments. 

In  preparing  Tables  VI-A.  VII-A,  and  VIII-A,  three  groups 
of  experiments  were  omitted  from  consideration : 

(i)  Those  in  which  wrong  answers  were  returned,  (2)  an 
equal  number  of  those  in  which  right  answers  were  given,  selected 
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so  as  to  have,  each  for  each,  as  nearly  as  possible,  equal  times  with 
the  corresponding  "  wrongs,"  and  (3)  those  which  proved,  when 
Chauvenet's  criterion  was  applied,  to  have  improbably  long  times 
of  observation.  It  happened  in  a  few  cases  that  there  were  more 
wrongs  than  rights,  in  which  event  all  of  both  classes  were 
dropped  without  further  consideration.  Chauvenet's  criterion 
was  applied  separately  to  the  group  of  "  rights  "  remaining  after 
the  second  deletion,  and  to  the  group  of  experiments  with  inde- 
terminate answer  ("crosses"),  under  each  experimental  condi- 
tion. The  times,  numbers  and  frequencies  were  then  computed 
from  the  results  remaining.  The  results  given  in  these  tables  are 
also  shown  graphically  in  Figs.  7,  8,  and  9.  It  is  to  be  added  here 
that  the  results  were  also  plotted  without  omissions  exactly  as  they 
came,  and  the  plots  were  carefully  examined  and  compared  with 
the  ones  appearing  here.  It  was  found  that  they  differed  in  no 
essential  particular  and  that  the  discussion  and  conclusions  fol- 
lowing apply  equally  well  in  either  case. 

DISCUSSION. 

Examination  of  Figs.  7,  8,  and  9  shows  several  characteristics 
which  apply  equally  well  to  each  of  the  three  observers.  It  ap- 
pears, on  examining  the  upper  plots  in  the  three  figures,  that  for 
each  observer  vision  was  better  (the  frequency  of  right  answers 
higher)  when  both  eyes  were  used  than  when  either  eye  was  used 
alone.  This  is  true  in  various  degrees,  somewhat  doubtful  in 
the  case  of  P.  W.  C. 

If  we  turn  to  the  times  of  observation  (lower  plots)  we  find 
that  where  the  test  object  is  relatively  large,  that  is,  where  the  fre- 
quency of  right  answers  is  near  to  100  per  cent.,  the  time  required 
for  observation  with  both  eyes  is  shorter  than  with  either  eye 
alone.  The  three  modes  of  observation  (right,  left,  and  both 
eyes)  tend  to  show  the  same  order  of  superiority  with  reference 
to  time  that  they  do  with  reference  to  frequency.  Somewhere 
in  the  region  where  the  frequency  is  100  to  50  per  cent,  there  is  a 
stretch  where  the  time  of  "  right  "  observation  with  both  eyes  is 
about  equal  to  that  with  either  eye  alone.  It  is  in  this  stretch 
that  the  observations  with  doubtful  answers  l)egin  to  appear  in 
significant  numbers,  and  their  average  times  are  longer  in  the  case 
of  both  eyes  than  with  either  one  alone.    Somewhat  farther  down 
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the  scale  of  certainty  even  the  right  answers  tend  to  be  longer  in 
coming,  definitely  in  the  case  of  S.  M.  S.,  Fig.  8,  stimulus 
No.  10.  and  indicated  in  the  case  of  W.  W.,  Fig.  9,  Nos.  10, 
II,  12.  Still  farther  down,  where  the  frequency  is  very  low,  or 
where,  we  will  say,  observation  is  "  certainly  uncertain,"  a  ten- 
dency is  shown  for  even  the  doubtful  answers  to  be  rendered  in 
less  time  when  both  eyes  are  used.  This  shows  clearly  in  Fig.  8, 
stimulus  No.  12,  and  is  indicated  in  Fig.  7,  No.  12. 

SUMMARY. 

Under  illumination  of  twilight  intensity,  observation  through 
a  prism  binocular  showed  the  following  differences  between  binoc- 
ular and  monocular  use  of  the  same  : 

( 1 )  With  binocular  observation  the  threshold  is  somewhat 
lower  than  with  monocular  observation  with  the  better  of  the 
two  eyes  alone. 

(2)  When  the  test  object  is  of  such  size  that  the  judgments 
are  preponderantly  correct,  the  decision  of  the  observer  is  arrived 
at  in  shorter  time  with  binocular  observation  than  with  monocular. 

(3)  There  seems  to  be  reason  to  believe  that  this  is  also  true 
in  a  negative  sense.  When  the  test  object  is  very  small  and  all  or 
nearly  all  the  judgments  are  indeterminate  these  also  are  to  some 
extent  rendered  in  shorter  time  with  binocular  observation  than 
with  monocular. 

(4)  With  sizes  of  test  object  such  that  both  right  and  inde- 
terminate judgments  appear  in  large  numbers,  the  tendency  is  to 
spend  more  time  in  binocular  observation  than  in  monocular. 
This  appears  as  an  outspoken  difference  in  time  in  the  case  of  the 
indeterminate  judgments,  and  in  the  case  of  the  right  judgments 
as  a  tendency  for  the  time  to  become  equal  to  or  greater  than 
the  monocular  time  as  the  size  of  the  test  object  is  reduced. 
Compare  with  item  (2)  above. 

It  would  seem,  then,  not  only  that  vision  with  the  glass  is 
better  and  quicker  with  two  eyes  than  with  one,  but  also  that  the 
subject  is  readier  or  more  willing,  for  some  reason,  to  prolong 
his  observations  in  the  uncertain  cases  when  he  is  ob- 
serving binocularly. 
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Table  VI. 

Summary  of  Results. 

A  Tabulation  of  the  Number  of  Right  (R),  Wrong  (W),  and  Indeterminate  (X)  Answers  for 
Each  Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the 
Above  Sets  of  Answers,  Together  with  Their  Mean  Deviations;  and  the  Statistical  Fre- 
quency of  the  Occurrence  of  Right  Answers. 

Observer  P.  W.  C. 


Stimulus 
Number 


Time  in  seconds 


W 


Number 
R        IV      X 


Frequency 

R  -  W 
R+W+X 


7 

8.2±   3.1 

8 

16.3  ±10.2 

9 

21.8*14.9 

lO 

33-3*  18-8 

II 

30-3*  1 1-5 

12 

5i.o±  0 

13 

24.0  =t  0 

Both  eyes. 


92 

o± 

0 

47 

4* 

151 

62 

7^ 

17 

4 

52 

8=t 

17 

4 

48 

7± 

19 

4 

41 

6± 

12 

3 

46  o  o 

45  o  I 

34  o  12 

22  o  24 

9  o  37 

I  o  45 

I  o  45 


1. 000 
0.978 

0-739 
0.478 

0.195 
0.022 
0.022 


Left  eye. 


5 
6 

7 
8 

9 
10 
II 
12 


5.8±  1.8 
10.6=*=  4.9 
14.5  ±  7-8 
20.2  ±11.3 
26.9*13.7 
56.3*20.6 
35-5=^  9-5 


98.0=*=  o 
76.5*67.5 


65.8*15.1 
64.0*23.7 
53.9*13.6 
5i-7=^i5-6 
48.9*12.6 
48.1*15.8 


46 
46 
42 
40 
26 

14 
2 
o 


o 
o 
o 
o 
I 
o 

2 

o    42 


O 

4 
6 

19 
32 
42 


1. 000 
1. 000 
0.913 
0.870 
0.543 
0.304 
0.000 
0.000 


Right  eye. 


6 

7 
8 

9 
10 
II 
12 


8.2*  3-5 
1 1.8*  6.3 
18.7*10.2 
31.3*16.2 
33.9*11.2 
38.8*22.3 


48.0*  o 


61.5*  6.5 
60.4*14.7 
48.6*16.2 
47.6*17.2 
50.8*14.5 


46 
46 

44 
34 
18 
12 
o 


o 
o 

2 
II 

28 

34 
44 


1.000 
1. 000 
0.956 
0.717 
0.391 
0.261 
0.000 
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T.-VBLE  VI-A. 

Corrected  Results. 
A  Suinmary  Similar  to  Table  VI,  but  with  Wrong  Answers  and  an  Equal  Number  of  Right 
Answers  with  Corresponding  Times  Omitted,  and   Huge  Time-values   Eliminated   by  the 
Application  of  Chauvenet's  Criterion. 

Observer  P.  W.  C. 


Stimulus 
Number 


Time  in  seconds 


Number 
R  X 


Frequency 
li 


R+X 


Both  eyes. 


^ 

6.9  =fc  2.0 

9-7=^  31 
14.6  =fc  6.8 
33-3*18.8 

303*  1 1-5 
5i.o=t  0 

41 
35 
29 

22 

9 
I 

0 

0 
I 

ID 

24 
36 

45 
45 

1. 000 

8 

9 
10 
II 
12 
13 

92.0  =fc  0 
38.8*  7-6 
62.7  =fc  17.4 

51. 1  =fci6.o 
48.6  =fc  19.4 
41.6=^12.3 

0.972 
0.744 
0.478 
0.200 
0.022 
0.000 

Left  eye. 


5 
6 

7 
8 

9 
10 
II 
12 


5-0=^ 

2.5 

7-9* 

2.2 

9-7* 

2.4 

16.3* 

7.2 

22.4=*= 

lO.O 

56-3* 

20.6 

1. 000 
1. 000 

0.895 
0.860 
0.548 
0.3  II 
0.000 
0.000 


Right  eye. 


6 

6.5*  1.8 
8.3  =t  2.4 
i5.o=fc  6.2 
30.9=^16.1 
33.9=^=11.2 
38.8=^22.3 

39 
39 
39 
33 
18 
12 
0 

0 
0 
2 
II 
28 
34 
43 

1. 000 

7 
8 

9 
10 
II 

12 

1. 000 

61.5  =fc  6.5 
60.4=4=14.7 

48.6  ±16.2 
47.6=ti7.2 
49-5*13-6 

0-951 
0.750 
0.391 
0.261 
0.000 
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Table  VII. 
Summary  of  Results. 

Tabulation  of  the  Number  of  Right  (R),  Wrong  (W),  and  Indeterminate  (X)  Answers  for 
Each  Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the 
Above  Sets  of  Answers,  Together  with  their  Mean  Deviations;  and  the  Statistical  Fre- 
quency of  the  Occurrence  of  Right  Answers. 

Observer  S.  M.  S. 


5 
6 

7 
8 

9 

lO 

II 

12 


44*  II 
7.9  ±  4.6 
8.7  ±  4.0 
20.3  ±11.9 
23.2^15.0 
35-8*i5-8 
40.0  =«=  o 


3 
36' 


25.0  =fc 

0 

38.6  ± 

134 

394=^ 

16.8 

32.7  =fc 

11.8 

3i.o± 

12.7 

257* 

8.6 

24 
56 

55 
48 
27 
II 
I 
o 


0  45 

1  54 
o  50 


o 
o 
I 
8 
29 


Stimulus 

Time  in  seconds 

Number 
R     W     X 

Frequency 
R-W 

Number 

R 

W 

^ 

R-\-W-\-X 

Both  eyes. 

1. 000 

1. 000 

0.982 

0.825 

0.482 
0.196 

0.000 
0.000 


Left  eye. 


9 
10 
II 
12 


7-3* 

3 

3 

ii.4=fc 

6 

8 

16.8  =t 

8 

8 

20.3  ± 

10 

4 

22.9  =fc 

12 

5 

25.2  ± 

13 

8 

26.0=*= 

3 

0 

13  =fc  o 


57.0=^23.3 
38.6=*=  9.7 

32.6*12.8 
27.6=*=  9.3 

29.6*11.5 
33-3=^iii 


56 

56 

53 

43 

22 

6 

2 

o 


o 

o 

3 

13 

33 


0  50 
o  54 
o  20 


1. 000 
1. 000 
0.946 
0.768 

0.375 
0.107 
0.036 
0.000 


Right  eye. 


5 
6 

7 
8 

9 
10 

II 
12 


6.5*   2.8 

9 

2*   4-5 

15 

3*10.0 

19 

3=^   9-5 

24 

0*13.7 

27 

4*   8.8 

24 

0*10.7 

46 

0*  0 

19 


50* 

0 

25-3=^ 

44 

39-8* 

154 

32.5=*= 

13.8 

303* 

12.3 

26.3* 

8.7 

319=^ 

13.2 

55  o 

56  o 
53  o 
44  0 
23  o 

7  I 

3 

I 


I 
o 

3 
12 

33 
48 


o  53 
o  21 


0.982 
1. 000 
0.946 
0.786 
0.410 
0.107 
0.054 
0.048 
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Table  VII-A. 
Corrected  Results. 

Summary  Similar  to  Table  VII.  but  with  Wrong  Answers  and  an  Equal  Number  of  Right 
.A.nswers  with  Corresponding  Times  Omitted,  and  Huge  Time-values  Eliminated  by  the 
Application  of  Chauvenet's  Criterion. 

Observer  S.  M.  S. 


5 
6 

7 

8 

9 
10 
II 
12 


Stimulus 

Time  in  seconds 

Number 
R            X 

Frequency 
R 

Number 

R                              X 

R+X 

Both  eyes. 

4.0*  0.7 

54=^   18 

7.0*  2.2 

17.9*  9.4 

18.3*  9-7 

35.8=^15-8 


25.0*  o 
38.6*13.4 
33.2*11.6 
32.7*11.8 
27.2*  9.0 
24.2*  4.9 


22 
47 
49 
44 
25 
II 
o 
o 


o 
o 
I 

8 
26 

45 
50 
48 


Left  eye. 


Right  eye. 


1. 000 
1. 000 
0.980 
0.846 
0.490 
0.196 
0.000 
0.000 


5 
6 

6.8*   2.8 

8.5*  3-9 
14.6*   6.6 
146*  5-3 
21.4*10.8 
25.2*13.8 
26.0*  3.0 

54 

49 

50 

36 

20 

6 

2 

0 

0 
0 
3 
13 
30 
49 
52 
20 

1. 000 

1. 000 

7 
8 

9 

ID 
II 
12 

57.0*23.3 
38.6*  9.7 

27-5*   7-5 
27.0*   8.8 

27.4=*=  94 
33-3*iii 

0.943 
0.735 
0.400 
0.109 
0.037 
0.000 

5 

5-2  =t   1.3 

5.0*0 

48 

I 

0.980 

6 

7-3=^  2.4 
9-5=^  3-2 

49 

44 

0 

1. 000 

7 

25.3=^   44 

3 

0.936 

8 

150*  5.2 

39.8*15.4 

38 

12 

0.760 

9 

16.9*  4.9 

26.5*   7.2 

21 

30 

0.412 

10 

28.7*  9.2 

25.8*   7-6 

6 

43 

0.122 

II 

24.0*10.7 

25.0*   7.4 

3 

51 

0.056 

12 

46.0*  0 

31.9*13.2 

I 

21 

0.045 

2l6 
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Table  VIII. 
Summary  of  Results. 

A  Tabulation  of  the  Number  of  Right  (/?),  Wrong  iW)  and  Indeterminate  (X)  Answers  for  Bach 
Size  of  Stimulus  Presented;  the  Average  Length  of  Time  Required  for  Each  of  the  Above 
Sets  of  Answers,  Together  with  their  Mean  Deviations;  and  the  Statistical  Frequency  of 
the  Occurrence  of  Right  Answers. 

Observer  W.  W. 


7 
8 

9 

10 

II 

12 

13 
14 


6.6  =t  2.0 
8.0  =fc  3.0 
12.9=1=  6.4 
23.7=^12.1 
26.7=^14.5 
29.6=«=ii.3 
50.2=1=11.4 
39.3=1=16.4 


33.0=1=16.0 
38.3=1=12.0 
41.4=1=20.5 


32.0  =t  o 

50.9=1=  6.9 

53.6=1=16.9 

53.8=^x4.0 

51.4=1=16.1 

49.7=1=14.2 


52  o 
52  0 

41  o 


27 
17 

5 
3 


o 

o 

I 

II 

25 

33 
41 
32 


Stimulus 

Time  in  seconds 

Number 
R     W     X 

Frequency 
R—W 

Number 

R 

W 

X 

R-^W-irX 

Both  eyes. 

1. 000 
1. 000 

0.981 

0.789 
0.519 

0.289 
0.000 
0.000 


Left  eye. 


6 

7 
8 

9 
10 
II 
12 

13 


5-7  = 
9-3  = 
10.3  = 
18.6  = 
17.9  = 
26.9  = 

295  = 
17.0  = 


1.6 

■   4-7 

3.6 
II. I 

6.9 
13.8 

9.0 

o 


38.0=^28.0 
24.5=1=16.3 
56.0  =fc  10. o 


350=*=  o 
350=1=  o 
35-4=^  9-6 
44.1=1=12.3 
37.i=ti2.o 
37.2=1=10.9 
40.3=^x1.8 
40.8  =1=11.6 


51 

51 
45 
41 
28 

15 
6 

X 


I 
I 

7 
10 

24 
35 
40 
29 


0.981 
0.981 
0.865 
0.770 
0.538 
0.250 
0.000 
0.000 


Right  eye. 


9 
10 
II 
12 
13 
14 


7-5  = 
12.3  = 
16.9  = 
21.9  = 

28.7: 

32.4^ 
38.0: 


2.3 
5.5 
^  8.3 
■■  9.8 
12.6 
15.3 

:   8.0 


36.0=1=20.0 

18.7=1=  6.0 
32.8  =±=15.2 
37.6=1=23.1 


37.0=1=14.0 
40.4=1=10.0 
41.5=1=14.2 

43. 0=1=  XX. 2 

42.2=1=11.5 

38.7=^  9-1 


52 
52 
49 
33 
18 

7 
2 
o 


o 
o 
3 
19 
31 
38 
40 
33 


1. 000 
x.ooo 

0.942 

0.635 
0.288 
0.000 
0.000 
0.000 
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Table  VII I-A. 
Corrected  Results. 

A  Summary  Similar  to  Table  VIII,  but  with  Wrong  Answers  and  an  Equal  Number  of  Right 
Answers  with  Corresponding  Times  Omitted,  and  Huge  Time-values  Eliminated  by  the 
Application  of  Chauvenet's  Criterion. 


8 

9 
10 
II 
12 
13 
14 


Observer  W.  W 

Stimulus 

Time  in  seconds 

Number 
R           X 

Frequency 
R 

Number 

R                                X 

R+X 

Both  eyes. 

1-3 
1.6 


5-8 
6.6 
9-8  =t  3-3 

2I.8=fcIO.I 

24.4=^12.2 
29.1  =^10.5 


32.o=t 

0 

48.3^ 

6 

0 

49.4=*= 

14 

0 

53-8  =t 

14 

0 

514=^ 

lb 

I 

46.7  ± 

II 

6 

46 

45 
44 
40 
26 

15 
o 
o 


o 

o 

I 

10 

23 

33 
41 
30 


1. 000 
1. 000 
0.978 
0.800 
0530 
0.312 
0.000 
0.000 


Left  eye. 


6 

5.o=t  0.9 

35-0*  0 

47 

I 

0.979 

7 

7.6*  2.7 

350*  0 

47 

I 

0.979 

8 

9.3=*=  2.7 

35-4*  9-6 

42 

7 

0.857 

9 

16.1=*=   8.9 

44.i=*=l2.3 

38 

10 

0.792 

10 

i4.o=t   3.4 

37.1*12.0 

23 

24 

0.489 

II 

25.2=tll.5 

35-8  ±  9-8 

13 

34 

0.276 

12 

37-2*  9-3 
39.1  ±  9.8 

0 

37 
28 

0.000 

13 

0 

0.000 

Right  eye. 


7 
8 

9 
10 
II 
12 
13 
14 


7-5=^  2.3 

9-5=^  2.5 

13.4=*=  4.6 

2i.9=t  9.7 

28.o=fcii.7 


37-0± 

14.0 

36.1  =t 

6.6 

39-7* 

13.0 

4i.4=t 

9.6 

39.0  =t 

8.6 

3«-7* 

91 

52 

45 

43 

33 

15 

o 

o 

o 


o 
o 

3 
16 

30 
36 
37 
33 


1. 000 
1. 000 

0-935 
0.674 

0-333 
0.000 
0.000 
0.000 
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COMPARISON  OF  RESULTS— DAYLIGHT  AND  TWILIGHT. 

The  absolute  values  of  the  thresholds  for  the  various  condi- 
tions may  be  interpolated  from  the  upper  plots  of  Figs.  3,  4,  and  5 
of  Part  I  and  Figs.  7,  8,  and  9  as  the  point  on  the  stimulus  scale 
at  which  the  right  judgments  are  50  per  cent,  of  the  whole  number 
of  experiments.  The  values  for  binocular  vision  will  be  sufficient 
for  the  present  purpose,  and  they  are  stated  in  Table  IX.     Re- 

FiG  7. 
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CORRECTED   RESULTS    OBSERVER  P.W.C. 

ferring  to  Table  1,  Part  1,  or  to  Table  V,  as  thei  case  may  be, 
gives  the  corresponding  angle,  which,  multiplied  by  the  magnifi- 
cation factor  6,  gives  the  visual  angle.  The  reciprocal  of  this 
angle  in  minutes  is  visual  acuity  on  tbc  Snellen  .scale. 

It  will  be  seen  from  the  table  that  under  daylight  conditions 
the  three  observers  agreed  (juite  closely  in  the  value  of  their 
binocular  sensitivity,  while  under  the  dim  light  the  variation  is 
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relatively  much  larger,  although  in  either  case  the  deviation  is  not 
wide.  The  mean  acuity  for  the  daylight  condition  is,  of  course, 
much  the  larger,  by  a  ratio  of  15.6  to  i. 

Table  IX. 

The   Binocular    Threshold    Value    and    Visual  Acuity  for   Daylight   and    Twilight 

Conditions. 


Conditions 

Observer 

Stimulus 
number 

Angle 
min. 

X6 

Visual 

acuity 

(Snellen) 

Daylight  Distance  956  m 

P.  w.  c. 

G.  H. 
W.  W. 

131 

0.135 
■133 
■138 

0.810 
•798 
.828 

1.23 

1-25 
1. 2  I 

Twilight  Distance  81.65  m 

P.  W.  C. 

S.  M.  S. 

W.  W. 

9-9 

9.0 

II.O 

2.14 
2.32 
1-93 

12.84 
13.92 
11.58 

0.078 
0.072 
0.086 

Fig  8. 
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The  object  just  resolvable  by  unaided  vision  under  daylight 
condition  is  only  6  times  the  size  of  the  object  just  resolvable 
through  the  6-power  glass  under  the  same  conditions,  and  prob- 
ably less  than  this  by  a  substantial  amount,  because  of  the  absorp- 
tion of  light  by  the  glass  parts  and  the  inevitable  tremor  of  the 
glass;  the  latter  especially,  to  no  inconsiderable  degree,  reduces 
the  efifectiveness  of  the  magnification.    The  object  just  resolvable 

Fig  9. 


1.00 
0.80 
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CORRECTED   RESULTS. 0B5ERVER   W.W. 

under  twilight  conditions  is,  therefore,  not  less  than  2.6  (15.6/6) 
times  as  large  as  is  necessary  for  it  to  be  seen  by  unaided  vision  in 
full  daylight.  The  problem  of  vision  through  a  glass  under  twi- 
light conditions  is  then,  in  point  of  the  visual  magnitudes  con- 
sidered, a  wholly  different  one  from  that  under  full  daylight, 
in  several  respects : 

(i)   The  object  of  vision  will,  no  doubt,  l)e  of  a  different 
practical  class  in  the  two  cases. 
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(2)  The  much  lower  resolving  power  of  the  eye  and  hence 
the  much  larger  visual  angles  considered  under  twilight  condi- 
tions, no  doubt,  could  be  shown  to  make  certain  inherent  disad- 
vantages of  the  glass  of  less  importance.  In  particular,  it  is 
quite  probable  that  a  higher  magnifying  power  could  be  used,  be- 
fore the  benefit  of  the  increased  magnification  would  be  fully 
oflFset  by  the  increase  in  the  eflfect  of  unsteadiness  thereby  engen- 
dered ;  and  also  that  higher  errors  in  the  optical  parts,  both 
spherical  and  chromatic,  would  be  tolerable,  and  hence  objectives 
of  larger  diameter  available  with  a  corresponding  increase  in  the 
emergence  pupil  (up  to  the  maximal  diameter  of  the  eye  pupil) 
and  in  the  amount  of  light.  The  present  work,  having  been  con- 
ducted in  the  two  cases  with  the  identical  instrument,  does  not 
show  what  the  relative  visual  effectiveness  might  become  with  two 
different  instruments  of  optimal  design  for  the  respective  condi- 
tions ;  nor  does  it  attempt  to  make  an  estimate  of  the  relative  prac- 
tical value  of  the  glass  under  the  two  conditions. 

In  discussing  the  time  values  it  was  stated  in  Part  I  of  this 
report,  as  applying  to  that  portion  of  the  work,  that  the  slightly 
larger  frequency  of  right  judgments  in  binocular  vision  was  off- 
set or  at  least  rendered  indecisive  as  experimental  evidence  by  the 
greater  time  required  for  observations.  To  find  out  whether,  on 
the  whole,  the  increased  time  was  disproportionately  large  as 
compared  with  the  difference  in  the  certainty  of  vision  the  data 
were  treated  in  a  different  w^ay,  and  the  results  of  this  computa- 
tion, applied  both  to  the  daylight  and  the  twilight  data,  are  set 
down  in  Table  X. 

For  each  observer  the  region  of  the  stimulus  scale  was  selected 
w^hich  included  practically  all  of  the  stimuli  upon  which  both 
right  and  doubtful  answers  were  returned.  For  each  mode  of 
observation  identical  stimuli  were  chosen  and  the  number  of 
experiments  on  each  stimulus  is  the  same.  The  figures  in  the  table 
apply  in  every  case  to  all  of  the  experiments,  so  that  each  section 
of  the  table  shows  the  "  performance "  of  the  observer  with 
respect  to  identical  groups  of  varied  stimuli  in  the  three  modes 
of  observation.  The  last  column  of  figures  give§  the  results  ob- 
tained, in  each  case,  by  dividing  the  aggregate  time  of  observa- 
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tion  for  aH  experiments  by  the  net  numl^er  of  right  judgments 
("rights"  minus  "wrongs'")  and  is,  therefore,  a  measure  of 
the  efficiency — or  rather  of  the  inefficiency — of  the  particular 
mode  of  observation. 

Under  full  daylight,  it  will  be  remembered,  observer  P.  W.  C. 
gave  distinctly  poorer  results  in  every  respect  with  binocular 
observation.  For  the  other  two  it  is  shown  in  the  last  column 
of  Table  X  that  the  increased  binocular  frequency  was  purchased 
by  relatively  greater  expenditure  of  time — definitely  in  the  case  of 
W.  W.  (as  42.7  to  46.3),  and  perhaps  doubtfully  in  the  case  of 
G.  H.  (as  35.0  to  35.8).  The  "  efficiencies  "  of  binocular  vision, 
taking  the  results  from  the  better  eye  as  a  base,  are  for  full  day- 
light:  for  P.  W.  C,  83.5  per  cent. ;  for  W.  W.,  92  per  cent. ;  and 
for  G.  H.,  98  per  cent. 

In  the  case  of  twilight  vision  the  figures  tell  a  dififerent  story, 
for  while  the  whole  time  of  binocular  vision  is  either  less  or  very 
slightly  more  than  in  the  better  of  the  two  monocular  cases,  the 
last  column  shows  that  for  all  three  observers  the  total  time  is 
smaller,  as  compared  with  the  numl>er  of  right  answers.  The 
"  efficiencies  "  of  binocular  observation  for  twilight  conditions, 
on  the  same  basis  as  in  the  last  paragraph,  are:  for  P.  W.  C.,  108 
per  cent. ;  for  W.  W.,  123  per  cent. ;  and  for  S.  M.S.,  104  per  cent. 

It  is  perhaps  taking  too  much  for  granted  to  assume,  as  the 
foregoing  does  at  least  by  implication,  that  increased  time  spent 
in  observation  would  lead  to  a  proportionate  increase  in  the  fre- 
quency of  correct  vision.  In  all  probability  it  would  not,  and  it  is 
not  possible  to  state  the  direction  in  which  such  an  assumption 
would  err.  It  would  seem,  however,  that  this  manner  of  com- 
parison shows  pretty  clearly  an  advantage  of  the  binocular  glass 
over  the  monocular  in  its  use  in  light  of  low  intensities  under 
conditions  comparable  to  those  of  these  experiments.  It  would 
also  seem  quite  permissible  to  accept  the  foregoing  method  of 
interpreting  the  results  as  supplementary  to  the  more  detailed 
treatment  which  has  gone  l)efore,  especially  when  the  last-men- 
tioned (as  in  the  daylight  results)  renders  an  ambiguous  verdict. 


Feb..  1920.] 


Rei-.\tive  Merits  of  Field-Glasses. 


223 


Table  X. 
Average  Timfs  of  Observations  for  Comparing  Binocular  with  Monocular  and  Day- 
light with  Twilight  Observations. 


Number 


All 


R-W 
Per  cent. 


Average  time 


All 


(R-W) 


Total  time 
per  (R-W) 


Full  Daylight. 

P.  w.  c, 

Stimuli, 

No.  lo-No.  15, 

Both 

Left 

Right 

148         246 
166         246 
105         246 

60.2 
67-5 
42.7 

257 
24.1 
28.2 

16.0 

15-9 
17.2 

42.7 

35-7 
66.0 

W.  W., 
Stimuli, 
No.  lO-No.  15, 

Both 

Right 

Left 

150         252 
145         252 
114         252 

59-5 
57-5 
45-2 

27.6 
24.6 
26.8 

20.0 
18.7 
21. 1 

46.3 
42.7 

59- 1 

G.  H., 

Stimuli, 

No.  lo-Xo.  15, 

Both 

Left 

Right 

153         246 
149         246 
112         246 

62.2 
60.6 
45-5 

22.2 
21.2 
239 

16.0 
14.4 
18.2 

35-8 

350 
52.6 

Twilight  (0.0012  Foot-candle) 


P.  w.  c. 

StimuH, 

No.  7-N0.  12, 

Both 

Right 

Left 

157 
153 
121 

276 
276 
276 

56.9 

55-4 
43-8 

33-4 
350 
39-2 

18.5 
22.6 

234 

58.7 
63.1 
89.4 

W.  W.. 
Stimuli, 
No.  8-No.  12, 

Both 

Right 

Left 

186 
149 
126 

260 
260 
260 

71-5 
57-3 
48.5 

27.1 
26.8 
27.1 

17.2 

17-5 
16.1 

37-9 
46.8 

55-9 

S.  M.  S., 

Stimuli, 

No.  6-No.  II, 

Both 

Right 

Left 

195 
185 
181 

336 
336 
336 

58.0 
55-1 
53-9 

22.6 
22.3 
234 

14.8 
16. 1 
17. 1 

390 
40-5 
434 

(To  be  concluded.) 


Important  Vegetable  Acids  from  Benzene.  (Amer.  Che  in. 
Soc.  News  Service,  Bulletin  252.) — Announcement  has  just  been 
made  by  John  M.  Weiss  and  C.  R.  Downs,  inventors  and  patentees, 
of  a  method  by  which  tartaric,  citric,  lactic  and  succinic  acids  can 
be  prepared  from  benzene  at  prices  capable  of  competition  with 
the  natural  products.  The  starting  point  is  the  production  of 
maleic  acid  by  the  joint  action  of  air  and  benzene  under  the  influ- 
ence of  a  catalyst,  and  from  this  acid  those  above  mentioned  can 
be  obtained.  Maleic  acid  has  long  been  known  as  a  natural  prod- 
uct but  its  extraction  has  been  too  costly  to  consider  it  as  a  raw 
material  for  any  commercial  article.  The  synthetic  production  of 
tartaric  acid  will  meet  the  possible  diminution  of  the.  natural 
supply  due  to  the  cessation  of  wine-making  in  this  country.  The 
United  States  has  been  producing  about  ten  million  pounds  of 
cream  of  tartar  per  year  and  about  a  million  pounds  of 
tartaric  acid.  H  .L. 
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The  Relation  Between  Uranium  and  Radium.  Soddy.  (Phil. 
Mcu).,  October,  1919,  p.  483.) — The  growth  of  radium  in  three 
kilograms  of  uranium  has  been  studied  for  a  period  of  ten 
years  and  again  in  .4  kilogram  (note  :=  four-tenths  kilogram)  for 
more  than  twelve  years.  In  the  larger  quantity  the  total  radium 
formed  amounts  to  242  X  lO'^^  gr.  A  quantity  of  radium  as  small 
as  lO"^^  gr.  can  be  measured  accurately.  In  both  investigations  the 
mass  of  radium  formed  is  proportional  to  the  square  of  the  time 
during  which  it  has  been  forming,  thus  in  seven  years  49  times  as 
much  will  be  developed  as  in  one  year.  C  F  S 

Hydro-electric  Survey  of  India.  (Nature,  December  4,  1919.) 
— In  this  matter  India  is  much  behind  other  parts  of  the  British 
Empire.  Canada  has  installations  for  148  watts  per  ijihabitant. 
The  corresponding  number  for  Australia  is  62;  for  South_  Africa, 
57;  for  the  British  Isles,  33  ;  while  for  India  it  is  less  than  one.  The 
total  brake-horsepower  of  all  kinds  in  India  is  1,153/138  plus  what 
is  developed  in  some  collieries  and  rice  mills.  Hydro-electric  de- 
velopment is  complicated  by  the  uneven  distribution  of  rainfall 
throughout  the  year,  and  by  the  holding  of  mountain  regions  with 
water  power  by  uncivilized  tribes.  C   F  S 

Competitive  Exhibition  of  Machines  and  Materials  Used  in 
the  Building  Trades.  (La  Nature,  December  13.  1919.) — At  the 
Lyons  Fair  of  March,  1920,  there  will  be  a  competition  between 
such  machines,  materials  and  products  as  represent  progress  in 
advance  of  what  existed  before  the  war.  Machines  will  run  under 
working  conditions. 

Such  an  exhibition  will  be  timely  in  view  of  the  hundreds  of 
thousands  of  buildings  destroyed  in  France  as  a  result  of  the  in- 
vasion by  the  Hvms. 

At  this  fair  in  1919  the  United  States  was  represented  on  the 
program  of  speakers  by  Professor  Fletcher  (Pennsylvania  State 
College)  and  by  other  members  of  the  Faculty  of  the  A.  E.  F. 
University  at  Beaune.  G  F  S 

Production  of  Iron  in  Italy. — .\ccor(ling  to  the  Italian  Metal- 
lurgical Association,  the  ores  obtained  in  Italy  are  about  ex- 
hausted. Hitherto  the  chief  source  of  iron  ore  has  been  in  Elba. 
The  cost  of  mining  is,  however,  continuously  on  the  increase,  as 
the  deposits  are  under  the  sea.  Under  the  urge  of  the  war  vigor- 
ous search  was  made  for  new  bodies  of  ore.  At  Val  di  Cogne, 
near  the-  French  border,  six  million  tons  were  discovered,  and  in 
Sardinia  an  equally  important  dc])osit  was  located.  These  new 
resources  cannot  do  more  than  jjostpone  Italy's  dependence  for 
her  iron  upon  other  nations.  G  F  S 
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In  191 5  S.  M.  Ballard  sent  to  one  of  the  writers  a  highly 
radioactive  mineral  that  had  been  obtained  from  gold  placers 
worked  by  Henry  Sturkey  in  Stanley  Basin  in  the  central  part 
of  Idaho.  Later  other  material  was  sent  to  the  Survey  by  Mr. 
Sturkey.  Mr.  Sturkey's  placer  is  near  the  head  of  Kelley 
Gulch,  said  to  be  in  granite  cut  by  pegmatites,  and  it  is  in  the 
pegmatites  that  the  source  of  the  mineral  is  probably  to  be  found. 

In  igi6  Robert  N.  Bell  published  a  half-tone  of  a  radiograph  ^ 
made  with  the  mineral  by  A.  G.  Van  Email,  who  thought  it  to 
be  euxenite,  with  which  it  is  related  in  composition  and  which  it 
resembles  in  color  and  texture. 

The  mineral  received  is  in  grains,  part  of  which  are  prisms 
and  most  of  which  show  a  prismatic  tendency  (see  Fig.  i).  They 
are  a  brownish  yellow  on  the  outside  but  the  visible  weathering 
has  extended  to  a  depth  not  exceeding  the  thickness  of  paper. 
Inside  they  are  brilliant  black,  with  a  choncoidal  fracture  and  no 
sign  of  cleavage.  Polished  specimens  examined  under  reflected 
light  show  the  mineral  to  be  remarkably  homogeneous.  It  is, 
however,  traversed  by  minute  cracks  that  are  in  part  filled  by 
quartz  that  undoubtedly  accounts  for  the  SiOg  in  the  analysis. 
Although  to  the  eye  the  mineral  is  an  opaque  black,  under  the 
microscope  very  thin  chips  allow  sufficient  yellowish  green 
light  to  pass  to  make  possible  optical  measurements.  The  streak 
is  a  dark  greenish  brown.  The  hardness  is  about  4.5  as  the 
mineral  will  scratch  apatite  but  will  not  scratch  orthoclase. 

The  crystals  are  not  perfect  enough  to  allow  a  determination 
of  the  crystal  form,  but  their  shapes  suggest  that  they  may  be 
orthorhombic  or  tetragonal.  However,  E.  S.  Larsen  determined 
it  to  l)e  isotropic  with  an  index  of  n  i.i  =  2.26  ±0.02  and  n  xa  =  2.30 
±0.02.  It  seems  probable  that  it  is  an  isometric  paramorph  after 
either  a  tetragonal  or  an  orthorhombic  form  as  many  of  the 

*  Published  by  permission  of  the  Director  of  the  United  States  Gzo- 
logical  Survey. 

'Sixteenth  .Ann.  Rept.  Mine  Inspector  of  Idaho  C1915),  Boise,  pp.  29,  30. 
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complex  pegmatitic  uranium  minerals  seem  to  be.  It  will  be 
noted  in  the  tables  given  on  other  pages  of  this  article  that  all 
but  one  of  the  minerals  (hielmite)  are  isotropic.  Yttrocrasite 
shows  birefringent  particles  and  is  probably  a  mixture.    Also  like 

Fig.   I . 
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UraiiiKrite   jji^IjUIls  and  a  piece  of  pilchblendc  mounted  on  a  card  to  test  ( 
activity.    Slightly  reduced.     See  figure  on  opposite  page. 


iniparativo   radio- 


nearly  all  of  the  comj)lex  pegmatitic  minerals,  the  new  mineral 
is  variable  in  composition  and  the  specific  gravity  of  the  speci- 
mens tested  ranged  from  4.5  to  5. 43.  as  determined  with  the  Joly 
balance.  The  s])ccimcns  .'Uialy/cd  had  a  s()eciric  graxitv  of  5.42 
(by  pyknometer). 
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The  radioactivitv  of  the  specimens  of  different  specific  gravi- 
ties showed  sHght  'differences  as  tested  by  the  exposure  of  a 

Fig.  2. 


Radioerach  made  by  the  minerals  shown  in  figure  i..  They  were  mounted  on  thin  card- 
board whTchwas^aid  on  the  sensitive  film  of  a  photographic  plate  for  48  hours.  A  print  was 
photographed  through  a  prism  in  order  to  make  comparison  easier. 

photographic  plate.  Those  having  the  highest  specific  gravity 
appeared  most  active  (see  Fig.  2).  The  material  was  not  tested 
in  an  electroscope.  Attention  may  be  called  to  the  advantages 
of  making  a  radiograph  of  various  specimens  in  a  case  of  this 
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sort  before  proceeding  with  the  analysis,  as  it  may  be  seen  from 
Fig.  2  that  some  of  the  pieces  were  comparatively  inactive,  and 
pieces  with  a  like  content  of  uranium  or  thorium,  or  both  may 
be  readily  selected.  Two  of  the  least  active  pieces  from  the 
seventh  row  (Fig.  2)  gave  on  analysis  35.0  per  cent.  TiOg  com- 
pared with  39.0  per  cent,  in  the  best  material. 

If  in  quantity  the  mineral  would  be  of  value  as  a  source  of 
radium,  but  probably  only  a  few  pounds  could  be  obtained  even  at 
a  prohibitive  cost. 

CHEMICAL  ANALYSIS. 

Our  thanks  are  due  to  Mr.  W.  C.  Wheeler  for  preliminary 
chemical  determinations  on  the  mineral.  Mr.  Wheeler  established 
the  presence  of  uranium  and  suggested  the  separation  of  titanium 
and  uranium  by  hydrolysis,  as  finally  carried  out. 

The  mineral  is  slowly  decomposed  by  treatment  with  concen- 
trated sulfuric  acid,  or  by  hydrofluoric  and  sulfuric  acids.  It  is 
more  convenient,  however,  to  bring  it  into  solution  by  gentle 
fusion  with  acid  sodium  sulfate.  On  dissolving  the  melt  in  cold 
water,  or  dilute  sulfuric  acid,  there  remains  a  small  residue  con- 
sisting of  silica,  unattacked  mineral,  and  sulfates  of  lead,  barium 
and  strontium,  which  was  analyzed  separately. 

Various  methods  of  analysis  were  tried,  using  principally  the 
acid  sulfate  solution,  but  the  unusual  association  of  elements  made 
the  analysis  largely  a  process  of  successive  approximations.  Eacb. 
precipitate  obtained  was  tested  for  impurities  and  if  an  admix- 
ture was  found  the  method  of  analysis  was  modified  accordingly. 

It  was  thought  at  one  time  that  the  ammonium  carbonate 
treatment  could  be  relied  on  to  separate  the  main  constituents, 
uranium  and  titanium,  but  so  much  titanium  was  carried  into  the 
filtrate  with  the  uranium  in  this  process  that  it  was  decided  to 
separate  the  titanium  by  hydrolysis.  The  precipitate  and  filtrate 
were  then  further  analyzed  separately. 

For  the  hydrolytic  separation  of  titanium  the  sulfate  solution 
was  treated  with  hydrogen  sulfide,  neutralized,  freed  from  hydro- 
gen sulfide  with  a  stream  of  carbon  dioxide,  and  finally  diluted 
and  boiled  after  the  addition  of  considerable  ammonium  sulfate.'^ 

In  one  analysis  3.1  per  cent,  of  rare  earths  was  found  in  the 
titanium  separated  as  described  and  5.0  per  cent,  in  the  uranium 

•Hillebrand,  W.  F.,  U.  S.  Geol.  Survey,  Bull.  422,  137  (iQio). 
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portion.  In  another  analysis  the  total  rare  earths  separated  di- 
rectly, first  as  fluorides  and  finally  as  oxalates,  amounted  to  8.0 
per  cent. 

The  filtrate  from  the  titanium  was  precipitated  twice  with 
ammonium  hydroxide,  leavings  calcium  in  solution.  The  hydrox- 
ides were  dissolved  in  hydrochloric  acid,  evaporated  nearly  to 
dryness,  taken  up  in  hydrofluoric  acid  and  the  rare  earths  filtered 
off.  After  removing  hydrofluoric  acid  with  sulfuric  acid,  pre- 
cipitating with  ammonia,  and  dissolving  the  hydroxides  in  nitric 
acid,  the  remaining  elements,  chiefly  uranium,  were  subjected  to 
the  ammonium  carbonate  treatment  and  uranium  was  finally  sep- 
arated and  weighed  as  pyrophosphate. 

The  stage  of  oxidation  of  the  uranium  in  the  mineral  was 
determined  separately  by  decomposition  with  dilute  sulfuric  acid 
in  a  closed  glass  tube  containing  carbon  dioxide  at  225°  C.  and 
subsequent  titration  with  potassium  permanganate.  It  was  as- 
sumed in  calculating  the  proportion  of  UO2  that  all  the  iron  of  the 
mineral  was  in  the  ferrous  condition.  The  only  ground  for  this 
assumption  is  the  fact  that  iron  is  more  easily  reduced  than 
uranium,  so  that  the  existence  of  any  uranous  oxide  would  imply 
the  absence  of  ferric  oxide.  However,  the  state  of  oxidation  of 
the  iron  cannot  be  regarded  as  determined.  The  coating  on  th'e 
grains  contained  some  ferric  oxide  which  could  only  be  removed 
by  carefully  chipping  off  the  exterior  and  selecting  the  jet  black 
pieces.  A  determination  of  iron  as  FegO.^  on  unselected  material 
gave  3.7  per  cent.,  whereas  the  value  obtained  on  the  best  selected 
material  was  3.0  per  cent.,  or  2.7  per  cent.  FeO.  Iron  seems  to 
be  an  essential  constitutent  of  the  mineral.  In  the  extended 
analysis  iron  had  to  be  determined  in  the  titanium  portion,  in  the 
ammonium  carbonate  precipitate,  and  in  the  uranium  precipitate. 

Thorium  was  determined  in  the  mixture  of  rare  earths  by  the 
sodium  thiosulfate  method.  The  ignited  oxide  was  white,  and 
pure  as  far  as  could  be  determined.  The  yttrium  earths  were 
estimated  by  their  solubility  in  a  solution  of  sodium  sulfate.  They 
were  a  buff  color  after  ignition  and  gave  by  conversion  of  the 
oxides  to  sulfates,  an  average  atomic  weight  of  151,  a  weight 
so  great  that  probably  erbium  or  ytterbium  or  both  are  present. 
Lack  of  time  prevented  a  thorough  investigation  of  the  rare 
earths.  No  cerium  earths  could  be  detected.  Water  and  carbon 
dioxide  were  weighed  in  absorption  tubes  after  heating  the  min- 
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eral  in  a  boat  in  a  hard  glass  tube  in  a  current  of  dry  air.  A  small 
correction  was  applied  based  on  the  results  of  blank  determina- 
tions run  similarly.  No  magnesium,  tin,  tungsten,  tantalum, 
columbium,  molybdenum,  vanadium,  copper,  or  fluorine  could 
be  detected. 

An  attempt  was  made  to  heat  the  mineral,  mixed  with  car- 
bon, in  a  stream  of  chlorine  and  make  a  fractional  condensation 
of  the  volatile  chlorides.  A  complete  separation  of  the  uranium 
and  titanium  was  not  accomplished,  but  the  non-volatile  residue 
in  the  boat  was  found  to  contain  calcium,  rare  earths  chiefly  of 
the  yttrium  group,  iron,  and  a  little  uranium. 

An  attempt  was  also  made  to  detect  helium  but  without  suc- 
cess. On  heating  5  grammes  of  the  mineral  with  acid  sodium 
sulfate  in  a  vacuum  a  few  cubic  centimetres  of  gas  were  obtained 
— largely  sulfur  dioxide,  which  was  probably  generated  by  the 
action  of  the  UO2  on  the  sulfuric  acid.  Nearly  all  of  the  gas  was 
soluble  in  a  solution  of  sodium  hydroxide  and  what  remained 
gave  only  nitrogen  lines,  as  far  as  could  be  determined,  when 
examined  in  a  Pluecker  tube. 

The  various  determinations  led  to  the  following  results : 

Composition   of  the   Mineral  from  Stanley   Basin. 
(R.  C.  Wells,  analyst.) 

Percent.                                          Molecular  values. 
SiO, 6 010 

TiO. 39-0 488 

FeO 2.9 040 

CaO 2.9 052 

UO2 10.3 038 

UO3 33-5 116 

Th02  41 015 

CciO.! none 

YtsO.-,,  etc. '  3.9 01 1 

ZrOj    2 001 

PbO 2 001 

BaO 3 002 

SrO I 001 

H2O  2.0 Ill 

CO4 2 005 

FeiO,.  A1,0,,  P2O.  trace 


Specific  gravity,  5.42. 


'  Average  molecular  weight  .i.so. 
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CALCULATION  OF  FORMULA 

The  following  combinations  in  molecular  values  seem  logical : 

UO:     .038 CO2    .005 

ThOj   .015 SiOj  .010 

ZrOa    .002 1  lU .  .4fc8 


FeO 

CaO 
RaO 

.040 
.052 
.002. 

SrO 
PbO 

.001 
.001 

.055  -503 

.096 

This  leaves  Yt^O;,  =  o.oi  i.  UO;{  =  .ii6,  and  HgO^.H!  un- 
grouped.     On  this  basis  the  mineral  may  be  simplified  to  : 

RO 096 8.7 

YtaOi  oil i.o 

RO,  055 or 5.0 

UO.  116 10.5 

TiO,        503 457 

HiO  Ill lo.i 

Without  any  further  combination  this  yields  the  following 
approximate  formula : 

9  RO.     Yt^O,.     5  RO.     II   UO3.     46  TiOj.     10  H.O. 

The  figures  for  RO  and  UO3  are  not  very  near  whole  num- 
bers, but  this  need  cause  no  disappointment  as  the  whole  calculation 
rests  on  the  assumption  that  the  iron  is  in  the  ferrous  condition. 
Although  this  assumption  has  certain  analogies  to  support  it  and 
is  given  preference,  it  would  not  be  entirely  unreasonable  to 
assume  that  part  or  all  of  the  iron  is  in  the  ferric  condition.  The 
question  cannot  be  settled  experimentally  in  the  presence  of  uran- 
ium in  two  stages  of  oxidation.  If  all  of  the  iron  is  assumed  to 
be  present  as  ferric  iron  the  following  percentages  and  molecular 
values  are  obtained  in  place  of  those  first  given : 

Per  cent.  Molecular  values. 

FeO   None 

FcjOj 3.2 020 

UO2 18.4 068 

UO.,  25.1 089 

Appropriate  grouping  now  leads  to  the  approximate  formula : 
2  RO.    R2O3.    3  ROa.    3  UO,.    18  TiOj.    4  H2O. 

The  bases  are  apparently  present  as  titanates,  metatitanates, 
or  uranotitanates,  but  an  exact  evaluation  of  the  relative  pro- 
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pKDftions  of  these  compounds  is  obviously  very  difficult  and  hardly 
appears  practicable  in  view  of  the  uncertainty  concerning  the 
stage  of  oxidation  of  the  iron  and  uranium.  There  is  more  Ti02 
present  than  is  required  to  form  normal  titanates  of  all  the  bases, 
but  not  enough  to  form  metatitanates  without  taking  some  uran- 
ium as  the  basic  radicals  UO  and  UOg.  To  secure  an  exact  bal- 
ance any  excess  of  TiOj  may  be  reduced  to  the  form  of  a  titanyl 
metatitanate  TiO.TiOg. 

The  results  below  are  presented  for  illustration  as  one  of  the 
possibilities  along  this  line  with  little  to  recommend  it  over  others 
that  could  be  given. 

Oxide  Molecular  Metatitanate  TiOi 

value  required 

RO  096 R  TiO, 096 

Yt.0.  on Yt^CTiOs),  033 

ThOa  016 ThCTiO,), 032 

ZrOi 001 ZrCTiOa), 002 

UO,  038 UO  TiOa 038 

UO. 1 16 UO  (TiOa) ..   232 

TiO, 070 TiO  TiO, 070 

•503 

On  this  basis  the  mineral  may  be  represented  as  a  hydrated 
metatitanate  of  various  bases,  thus:  (Ca,  Fe,  UO,  TiO)Ti03-i- 
(Th,  Zr,  UO)  (Ti03)2  +  Yt2(Ti03)3  +  H20.  Without  imply- 
ing exact  molecular  ratios  the  proportions  of  these  four  species 
would  be  about  6,  8,  i,  3,  respectively.  It  should  be  remembered, 
however,  that  the  stage  of  oxidation  of  the  iron  is  unknown  and 
this  ignorance  introduces  uncertainty  in  these  proportions.  Nor 
is  it  known  whether  minerals  of  this  kind  should  be  considered 
as  mixed  crystals,  solid  solutions,  or  salts  of  complex  acids,  al- 
though in  one  of  these  suppositions  may  lie  the  correct  explana- 
tion of  their  composition. 

Analyses  of  the  known  complex  uranium  minerals  have  been 
arranged  iri  the  tables  following  so  that  the  uranium  content  in- 
creases progressively  toward  the  end  of  the  series.  The  newly 
described  mineral  from  Idaho  is  designated  as  brannerite. 

It  will  be  seen  that  the  new  mineral  contains  more  uranium 
than  any  other  except  the  pitchblendes.  Unlike  most  of  the 
others  it  contains  no  tantalum  or  columbium  and  is  very  high 
in  titanium. 


1 
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Comparative    Analyses    of    the    Complex     Uranium    Minerals. 
(Arranged  in  the  order  of  their  uranium  content.) 


Name 

Riso- 
rite 

Yttria- 
hte 

Zirke- 
lite 

Micro- 
lite 

Yttro- 

tanta- 

lite 

Yttro- 

cras- 

ite 

Prior- 
ite 

Nae- 
gite 

'^r 

Page.  Dana's 

System 

Analyst 

Crys.  Form*.  .  .  . 
Isot.  or  bif.' 

Indices 

Sp.  G. 

App.  3. 

p.  68 

0.  Hau- 

ser 

Isot. 

2.05 

512 

J.  B. 

Mack- 
intosh 

A 
Isot. 

1.758 
4-575 

App.  I, 

S'.  T. 
Prior 

I 

Isot. 

2.19 
4-741 

728 

Dun- 
ning- 

ton 
I 

Isot. 

I  930 

5.656 
68.43 
7-74 

739 

Ram- 
mels- 

berg 
0 

Isot. 

2. IS 
5-425 
46-25 
12.32 

App.  2. 
p.  112 
C.  H. 
War- 
ren 
0 
Isot  to 

bif. 

2-13 

4.8043 

Trace 
Present 

49-72 
1.98 
0.64 
2.  92 

App.  2, 

S'.  T. 
Prior 

0 

'36.68 

21. $9 

0.49 

2.14 

|4-32 

|i7.ii 
0.61 

App.  2. 
&agi 

T 

Isot. 

I. 818 
4.09 

}   7.69 

731 

W.  G. 
Brown 

T 
Isot. 

3.06 
4-89 

TajOj 

4.00 
36.21 

6.00 
Undet. 

CbiO. 

48 . 66/ 

TiOi 

0.83 

1.86 

2.94' 

46 . 50^ 

14  95 
1.40 

2. 52 

UO, 

UOi 

1-59 
0.17* 

1. 61 
2.  22 

'3.03 

"9:12 

5 -01 
55-30 

3-47* 

CeiO. 

(Di,  La)jOt 

2.88« 

I  37 
7.  08 

Y.O, 

EnOi 

I36.28 
Undet. 

0.21? 

0.23 

10.  52 
6.71 

}2S.67 
8.75 

|27.94' 

ThOi 

12.00 

7.31 
52.89 
10.79 

0.  22 

ZrOi 

3 .  09 

CaO 

MqO 

1.93 

0.60 

11.80 
1 .  01 
0.  30 
I   OS 

0.29 

5-73 

■'2:36 
I.  12 
3   80 

1.83 

Trace 

1.87 

1.44 
0.13 
0.48 
4-36 
0.  10 
0.68' 

4.12 
0.22 

a. 61 
0.  OS 

WOi 

0. 16 

SnOi 

Undet. 
2.61 
1.20 

0.  29 
5   63 

0.  08 

FeO 

FeiOj 

2.89 

7.72 

3.04 

MnO 

0.77 
0.8s 
0.79' 

0. 19 

Trace 

PbO 

Undet. 
7. II 

HiO- 

HiO  + 

1.02'' 

I. 17 

6-31 

3.69 

3.19 

X 

0.90'' 
0.81 

Trace* 

AljOi 

0-55 
29-17 

0.13 

SiOj 

Trace 

2.  12 

20.58 

NaiO 

2.86 
0.  29 
2.8s 
0.34 

KjO 

0.  06 

P 

"Trace 

BeO.  . 

0  63 

■    99   93          99. 75 

99.03 

100. 25 

98.9s 

100. 57 

99   50 

100.73 

100. 48 

•  A,  amorphous;  I,  isometric;  O,  orthorhom- 

bic;  T,  tetragonal. 

•  Isotropic    or    birefringent.       Most    of    the 

determinations  of  optical  properties  are 
by  E.  S.  Larsen  and  were  not  made  on 
type  material. 

'   (Ce,  La,  Nd)20j 

"  .Vj.  He 

•  At.  wt.  162. 
f  Y  earths 

A.   z2/r,  percent,    a*,  wt.  110.3 


B.  S.30  per  cent.,  at.  wt.  no. S3 

C.  4.50  per  cent.,  at.  wt.  114. 9 

D.  14.03  per  cent.,  at.  wt.  120. 

*  Ignition 

*  (Ce,  Di)20j 
<   CO2 

3   TajOi  abt.  2  per  cent. 

*  UO 

'  YjOi  abt.  I  per  cent. 
"  LiiO  • 
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Comparative  Analyses  of  the  Complex   Uranium  Minerals. — Continued. 

(Arranged   in  order  of  their  uranium   content.) 


Name 


Page,  Dana's  \ 

System. .  .  .  j 

Analyst 


Crys.  Form . 
Isot.  or  bif. . 


Indices. 


Sp.G. 


T32O6 

CbjOo 

Ti02 

UO2 

UO3 

CejOa 

(Di.  La)203 

Y2O3 

Er203 

Th02 

ZrOj 

CaO 

MgO.  ..  .. 

WO3 

Sn02 

FeO 

FejO.! 

MnO 

PbO 

H2O- 

X 

NajO 

KjO 


6.18 


27.03 

27.77 


4.02 


0.S4 
1.80 
6.41 
10.71 
3.64 

2.29" 

o.  27 


2.25 
0.9S 

0.32 

8.77 
0.78 

o.  72 
I.S8 
0.29'' 


0.17 


100.31       99.37 


Hiel- 

mite 


741 
A.  E. 
N'or- 
den- 
skiold 

O 
uniax- 
ial (?) 
C0=2.30 
Li 
€  =2.40 


[62.  42 


4.87 
I  07 
5    19 


4.  26 
O.  26 

|6.S6 

8.06 


3-  26 
o.  lo' 


Blom- 

stran- 
dine 

App.  2, 
p.  17 
C.  W. 
Blom- 

strand 

O 

Isot. 


4.82 
4  93 
I.  15 
23  35 
27  39 
5-35 


J2.48 

^25. 62 
4.28 
1.33 
1.80 
O.  IS 


Pyro- 

chlore 


726 

Ram- 
mels- 
berg 

I 
Isot. 

1.96 


58.27 
5.38 
5.  S3' 


4.96 
10.93 


0.30 
0.84 
2.S6 
0.49'' 
o.  90 
o.  18 


99.78 


S.^8/ 
S-3I 


Fergu- 
sonite 


730 

W.  H. 
Sea- 
men 

T 
Isot. 


4.08 
43.78 


S.81 


0.66 
3.49 

137.21 


0.6s 

[0.76 
I. 81 


Near 

Samar- 

skite 

740 

W.  F. 
Hille- 
brand 

(?) 


•  41 
■44 
.64 
.82 
■  19 

.lO" 

.61 
.  II 

SI 
.82 

39 

90 
.77» 
.07 

94 


0.36* 


99.87     100.18 


Vie- 

tingho- 

fite 


740 

A. 
Da- 
amour 


51  00 
1.84 
8.8s' 


|i.57 
6. 57 


0.96 
0.83 


23.00 
2.67 
I.80J 


99   09 


Wii- 
kite 

App.  3. 

p.  85 
Holm- 

quist 


O 

Usually 
isot. 


23.67 

29  S8 

1.86 

7.37 


4.06 


4.86 


751 
1.28' 


11.06 
10. SS' 


loi. 80 


Delo- 

ren- 
zite 


App.  2. 
P-  34 

J. 
Sterba 


66.03 
9.87- 


14  63 


4  33 
4-25" 


99- II 


"  Includes  some  TiOj 

ZnO 0.0s 

(Li,  Na)20 0.24 

CuO 

<*  ZnO 0.09 

SiOi o  40 

'   FeO  and  UO 

/  'Ignition i .  .>3 

F 3   75 


"   MnO  and  ZnO 

*  (K,  Li.  Na)20 

*  U2O3 

''   Ignition 

*  MnsOi 

'    Precipitated  by   HjS 1 .  06 

Al;03 t>.74 

SiO.- 8.7S 

"•  State  of  oxidation  not  determined. 


Feb..  iq.'O.]     BrAXXERITE.    A    NeW    Ur.KXUM     MlXERAL. 
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Comparative  Analyses  of  the  Complex   Uranium  Minerals. — ^Continued. 
(Arranged  in  the  order  of  their  uranium  content.) 


Name 

Eu.Ten- 
ite 

Euxen- 
ite 

Samar- 
skite 

Plum- 

bonio- 

bite 

Noh- 
lite 

Alter- 
ed Sam- 
arskite 

Hatch- 
etto- 

lite 

Anne- 
rodite 

Ampan- 
ga- 
beite 

Page,  Dana's       \ 
System / 

• 

744 
Ram- 
mels- 

berg 
0 

Isot. 
2.24 

5.103 

739 
Koenig 

0 

Isot. 
2.  10 
2.25 
S.96 
6.20 

App.  3. 
p.  61 
Hauser 

and 

Finkh 

A 

740 

Norden 
skiold 

Mas- 
sive 

740 

W.  H. 
Sea- 
men 
0 

727 
0.  D. 

Allen 

I 

•  Isot. 
1.98 

4.77 

4   9 

29.83 

34.24 

I. 61 

741 

C.  W. 

Blom- 

strand 

0 

S-V 

48. 13 

'  i6.28<'' 

App.  3 
P-  3 

Piian 

Crys.  Form 

Isot.  or  bif 

0 

Isot. 
2.24 

4.99 

13.89 
12.73 
27.70 

1 10.50* 

0.62' 

0? 

Isot. 

2.13 
3  97 

Sp.G 

4.801 
4.813 

1. 18 
46.  IS 

1.20 
13.72 

5   04 

4.33 

TajOi 

4.29 
8  90 

CbiOi   .      .    . 

33.39 
20.0  J 
12.  12 

56.40' 
13.48 

50.43 

47.09 

34.80 
4.90 
19.40 

TiOi .  .  ■. 

UOi 

14.43" 

UO, 

15.15 
1.40 
4.00 

13.46 

15.50 

Ce^Oi 

3.50 

}3.8S 
|ll.90 

0.25 

2.56 

|o.6o- 

J4.00 

iDi.  La)iOj 

YiOa 

EnOi 

25.64 

14.60 
7.30 

14.26 

0.06 

Trace 

3.05 

}i4.36 

7.10 

ThO, 

I   34 

2.37 
1-97 
3.35 
0.  15 

ZrO. 

2.96 
4.67 

CaO 

MgO 

0.09 
0. 12 

1.36 

1.53 

8.87 

0.15 

jo. 30 

2.19 

1.50 

WO3 

jo. 40 
7.09 

SnCh 

0.  15 
S.70 

8.09 

0.  16 
3.38 

0  80 

FeO 

Fe,Oj 

o.Si 
=>  63 
Trace 
0.20 
3.00 
0.74'* 

3.25 

8.98 
1.66 

8.60 

MnO 

0.28* 

0.20 
2.40 

8. 19 

2.51* 
0.  28 
0.32 
0. 16 

99.51 

PbO 

7.62 
6.38 
0.52/ 
0.  28 

Trace 
4.49 

H2O- 

2.40 

0.30 

4.62 

O.II' 

9. 55 

12.40 

X 

AkOj 

2.00 

\a20 

I0.82 

Trace 
98.55 

K2O 

100. 27 

99.67 

99.71 

98.77 

98.57 

100. 20 

100.50 

Miller,   Willet   G.,   and   Knight,   Cyril   W.,        /    N2,  He 

Occurrence   of   euxenite    in    South    Sher-  CO2 

brooke    township,     Ontario:    Am.    Jour.  MnO 

Set.,  vol.  .xliv,  pp.  243-244,  1917.  CuO 

Name    of   analyst    not    given.      Analysis  "  UO 

made    at     Imperial     Institute,     London,  *   MnO,  MgO 

_  England.  •   CuO 

U3O.  .'   Anhydrous  mineral 

(Ce.  La)20j  etc.  *  Si02 

Si02  Ignition 
Sp.G..  S.77 


.   o.  22 
.   o.  19 

.     O.  II 

.  Trace 
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Frank  L.  Hess  and  Roger  C.  Wells. 
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Comparative  Analyses  of  the   Compex   Uranium  Minerals. — Concluded. 
(Arranged  in  the  order  of  their  uranium  content.) 


Name 


Page,  Dana's 

System    ... 

Analyst 


Crys.  Form. 


Isot.  or  bif. 
Indices.  .  .  . 
Sp.G 


TaiOi 

CbtOs 

TiO, 

UOj 

UO. 

CeiOj 

(Di,  La)jOj 

YjO. 

ThOi 

ZrO. 

CaO 

M«!0 

SnOj 

PeO 

FeiOj 

MnO 

PbO 

H»0- 

H1O  + 

He 

X 

AUOi 

SiOi 

LijO 

NajO 

KiO 


Poly- 
crase 


74S 
Mack- 
intosh 
O 

Isot. 
1 .  70^ 

4  97'- 

5  04 


19   37 
28.51 


19.47 


21.23" 
0.68 


2.47 
o.  18 


0.46 
4.46 


0.12* 
I. 01 


97   96 


Sami- 
r^site 


App.  3, 
p.  69. 
Pisari 


Isot. 
1-94 
S.24 

3  70 
45.80 

6.  70 
21 .  20 


0.  10 

1 .  06 


7. 35 
I  a-.  45' 


0.74 


0.30 


99.60 


Mack- 

intosh- 

ite 


App.  I 
p.  44 
Hille- 
brand 
T 

Isot. 
1.77 
S.438 


22.40 


4S-30<« 


1.86' 


0.88 
0.59 
o.  10 


3.74 
o.  50 
4  31 


0.67^ 


13.90 

|o.68 
0.42 


96.50 


Blom- 

stran- 

dite 


746 

Lind- 
strom 
Mas- 
sive 
Isot. 
2.14 
4  17 
4-25 

[49  76 

10.71 
23.681' 


3   45 
o.  16 


3  33 
0.  04 
7.96 


0.12* 
O.  II 


Pilbar- 
ite* 


Betaf- 
ite 


Simp- 
son 
A 

Isot. 
I  74 
4  68 


27   09 
o.  19 


o  49 
31    34 


0.57 

O.  21 


O    20 

Trace 

17.  26 
3  50 
4.  16 

Trace 
1.08/ 
o    15 

12.  72 


99   56 


Pisani 

I 

Isot. 
1 .  92 

4. 475 

Trace 
32.  10 
17.30 


28.60 

I1.20 


1.25 
II  .61 


1.38 
o.  25 


Bran- 
n  elite 


Pitch- 
blende 


Wells 


Isot. 
2.30 
5. 42 


39.0 
10.3 
335 


3.9* 
41 


2.9 
Trace 


99   39 


0.6' 

Trace 

0.6 


891 

Hille- 

brand 

I 

Opaque 


8.07 


58.51 
25.26 


7.59 
0.84 


Urani- 
nite 


891 

Hille- 

brand 

I 

Opaque 


9   59 


57. 43 

26.48 

0.25 

0.13 

0.30 
9  79 


o.is"« 
1-45" 


99.  95 


.26 
.61 


Undet. 
0.70' 


99.49 


•  At.  wt.  1 14. 1 
»  Insol. 

•  Ignition 

•  ThOj,  CeiOi 
'  LajOi.  YjOi 
/   PiOt 

•  UO 

•  Precipitated  by  HjS 

»  Simpson.  Edward  S.,  Pilbarite,  a  new 
mineral  from  the  Pilbara  Goldfield: 
Jour.  Nat.  Hist,  and  Set.  Soc.  of  Western 
Australia,  vol.  iii,  p.  131.  1911- 


Lacroix,   A.,  "Min6ralogie   de   la  France  et 
de  ses  Colonies,"  vol.  v,  pp.  93-94,  1913. 

*   Mol.  wt.  350 

'  BaO 0.3 

SrO O.I 

CO2 o.a 

P.Oi Trace 

-  Det.  as  N 

"  ZnO 0.44 

PaOi 0.32 

AssOj 0.43 

CuFeSi o.ia 

PeS o  24 


Feb.,  1920.]  Branxerite,  a  New  Uranium  Mineral. 
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The  only  other  minerals  having  the  same  general  qualitative 
composition  are  zirkelite  and  delorenzite,  and  to  make  com- 
parison easier  their  analyses  are  repeated. 

Analyses  of  Zirkelite,  Delorenzite,  and  Brannerite. 


Specific  graWty 

TiO, 

UO, 

UO, 

CejO, 

Y,0, 

ThOs 

ZrOj 

CaO 

MgO 

SnO, 

FeO 

PbO 

HjO* 

NajO 

SiOj 

BaO 

SrO 

CO2 

Fe^O, 

AlsO, 

PsOs 


Zirkelite 
Isometric 


4.741 

1495 
1.40 


2.52 
0.21 

7-31 
52.89 

0.22 

7.72 


1.02  (ign.) 
10.79 


Delorenzite 
Orthorhombic 


47 

66.03 
9.87' 


1463 


4-33 
4-25« 


Brannerite 
Undetermined 


542 
39-0 
10.3 
33-5 

3-9 
4.1 
0.2 
2.9 


2.9 
0.2 
2.0 

0.6  " 

0.3 
0.1 
0.2 

Traces 


■  State  of  oxidation  not  determined. 

The  uranium  in  zirkelite  is  almost  negligible  and  the  quan- 
tity of  zirconium  present  puts  it  in  a  class  by  itself.  The  analysis 
of  delorenzite  makes  the  mineral  appear  almost  suspiciously 
simple  in  composition,  only  five  metals  being  determined,  but  the 
relationship  to  brannerite  is  closer  than  that  of  zirkelite.  How- 
ever, the  quantity  of  uranium  oxide  is  less  than  one-sixth  that 
of  the  titanium  oxide,  but  in  brannerite  the  weight  of  uranium 
oxides  is  greater  than  that  of  titanium  oxide  and  is  more  than 
four  times  as  great  as  that  in  delorenzite. 

The  new  mineral  seems  worthy  of  an  individual  name,  and 
we  therefore  propose  to  call  it  brannerite  after  Dr.  J.  C.  Branner, 
formerly  head  of  the  Department  of  Geology  and  Mining  and 
President  of  Stanford  University. 

Brannerite  may  be  described  as  a  complex  titanate  of  uranium 
with  smaller  quantities  of  rare  earth  and  other  metals,  in  which 
the  weight  of  uranium  oxides  exceeds  that  of  titanium  oxide. 

Vol.  189,  No.  1 130— 17 
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Industrial  Employment  of  Very  High  Pressures.  Georges 
Claude.  {Comptcs  Rcndiis,  October  13,  1919. ) — At  present  200 
atmospheres  is  about  the  maximum  pressure  used,  and  this  chiefly 
in  the  Haber  process  and  in  the  Hquefaction  of  air.  The  author 
maintains  that  pressures  of  1000  atmospheres  can  be  more  easily 
employed  than  those  of  lower  amounts.  Leather  collars  work  all 
the  better  at  higher  pressures.  It  is  not  difficult  to  provide  walls 
sufficiently  strong  to  withstand  high  pressures,  but  it  is  difficult  to 
secure  tight  joints.  Owing  to  the  smaller  volume  of  containers  at 
high  pressure  for  the  same  mass  of  gas  it  is  easier  to  make  the  joints 
tight  for  high  pressures.  As  the  cost  of  compression  rises  in  propor- 
tion to  the  logarithm  of  the  pressure  the  expense  of  compressing  to 
1000  atmospheres  is  one  and  a  half  times  as  much  as  of  attaining 
100  atmospheres.  G  F  S 

Some  Characteristics  of  the  Spark  Discharge  and  Its  Effect  in 
Igniting  Explosive  Mixtures.  C.  C.  Paterson  and  Norman 
Campbell.  {Proceedings  Physical  Society  of  London,  vol.  xxxi, 
Pt.  iv,  1919.) — For  the  ignition  of  mixtures  of  petrol  and  air  a 
quantity  of  energy  as  small  as  .0004  joule  was  found  to  suffice.  When 
the  spark  potential  is  lowered  the  quantity  of  energy  requisite  in- 
creases with  great  rapidity.  A  train  of  similar  sparks  has  no  greater 
igniting  power  than  a  single  spark. 

In  the  ignition  of  hydrogen  and  air  it  was  found  that  reduction 
of  the  radius  of  curvature  of  the  electrodes  augmented  the 
igniting  power. 

Experiments  on  an  aeroplane  engine  showed  that  satisfactory 
ignition  could  be  obtained  by  the  use  of  quantities  of  energy  much 
smaller  than  those  supplied  by  a  magneto  or  by  a  battery  and 
coil  system.  G  F  S 

The  Speed  of  Sound  Pulses  in  Pipes.  A.  L.  Foley.  (Physical 
Review,  August,  1919.) — A  sound  pulse  of  cylindrical  form  was  pro- 
duced by  an  electric  spark.  It  spread  out  from  the  line  source,  in 
part  travelling  in  the  open  air  and  in  part  passing  through  various 
tubes  set  with  their  axes  perpendicular  to  the  line  of  the  spark. 
This  pulse  was  illuminated  for  an  instant  by  a  second  spark  and  its 
shadow,  due  to  its  having  a  density  dififcrent  from  that  of  the  sur- 
rounding air,  was  caught  and  recorded  on  a  photographic  plate. 
The  distance  each  portion  of  the  pulse  had  come  could  thus  be 
observed.  It  was  found  that  the  speed  is  greater  or  less  in  short 
tubes  than  in  the  free  air,  according  to  position  with  respect  to 
the  source,  but  that  in  longer  tubes  the  speed,  at  first  greater 
than  in  free  air,  gradually  lessens  and  finally  becomes  smaller.  The 
intensity  of  the  pulse  when  it  enters  the  pipe  seems  to  be  that 
which  determines  the  speed.  The  greater  the  intensity  the  greater 
the  s])ccd.  G   F   S 
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DISTRIBUTION   OF  ENERGY  IN   THE  SPECTRUM   OF  AN 
ACETYLENE  FLAME/ 

By  W.  W.  Coblentz. 

[abstract.] 

This  paper  gives  new  data  on  the  distribution  of  energy  in 
the  infra-red  spectrum  of  a  flat  and  of  a  cyhndrical  acety- 
lene flame. 

This  paper  gives  also  a  revision  of  previously  published  spec- 
tral energy'  data,  pertaining  to  the  violet  end  of  the  visible  spec- 
trum. This  revision  has  no  effect  upon  the  previously  published 
visibility,  in  the  region  of  the  spectrum  in  which  the  attempt  has 
been  made  to  attain  high  accuracy  in  the  visibility  data. 


MAGNETIC  TESTING  OF  STRAIGHT  RODS  IN  INTENSE 

FIELDS.' 

By  W.  L.  Cheney. 

[abstract.] 

Former  experiments,  as  performed  by  Ewing  and  Low, 
Pierce,  Hadfield  and  Hopkinson,  du  Bois  and  Jones,  Gumlich, 
Campbell  and  Dye,  et  altera.,  to  determine  the  intensity  of  mag- 
netization with  high  magnetizing  forces,  involved  the  use  of  very 
small  specimens.  Frequently,  it  is  desirable  to  make  such  tests 
with  fairly  long  rods  and  since  the  usual  types  of  perm.eaters  do 
not  permit  the  use  of  very  high  magnetizing  forces,  a  method 
whereby  magnetic  tests  can  be  made  upon  these  rods  in  intense 
fields  has  been  developed. 

The  apparatus  consists  essentially  of  a  du  Bois  electro-magnet 
with  flat  pole  pieces  separated  by  an  air  gap  and  pierced  coaxially 
so  that  a  rod  may  be  extended  through  them  and  the  electro-mag- 
net. Surrounding  the  specimen  are  three  coaxial  test  coils  wound 
on  brass  forms.    When  the  inner  coil  is  connected  in  series  with 

*  Communicated  by  the  Director. 
^  Scientific  Paper  No.  362. 

*  Scientific  Paper  Xo.  361. 
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a  balistic  galvanometer,  the  normal  induction  is  measured  by  the 
throw  of  the  galvanometer  upon  reversal  of  the  magnetizing  cur- 
rent. By  connecting  either  the  inner  and  middle  or  middle  and 
outer  coils  in  opposition  the  value  of  the  magnetizing  force 
is  determined. 

Normal  induction  curves  obtained  for  a  number  of  specimens 
of  different  materials  show  very  good  agreement  with  similar 
curves  obtained  by  the  Burrows  method  within  the  range  of  the 
latter.  Hysteresis  values,  however,  have  not  proved  so  reliable 
and  are  being  studied  further  with  the  hope  of  satisfac- 
tory improvement. 

From  the  normal  induction  data,  the  intensity  of  mag- 
netization and  reluctivity  are  calculated  and  discussed  from  the 
point  of  view  of  revealing  in  some  specimens  the  presence  of  two 
constituents  of  different  degrees  of  hardness  which  reach  the 
maximum  intensity  of  the  magnetization  for  different  values 
of  H. 


NOTE  ON  METHODS  OF  COMPUTING  AND  INTERCOMPARING 
RADIATION   DATA.^ 

By  W.  W.  Coblentz. 

[abstract.] 

A  SIMPLE  method  is  given  for  computing  spectral  energy 
curves  using  the  Planck  formula.  A  table  of  values  of  log 
(e"-i)  is  given  for  this  purpose.  By  means  of  this  table,  a 
table  of  logarithms  and  a  slide  rule,  a  complete  spectral  energy 
curve  can  be  computed  in  an  hour. 

The  paper  gives  also  a  chart  for  the  intercomparison  of  ther- 
mal radiation  constants  with  similar  data,  obtained  indirectly 
from  ionization  potential,  photo-electric  and  X-ray  measurements. 


CONCERNING  THE  ANNEALING  AND  CHARACTERISTICS 

OF  GLASS.* 

By  A.  Q.  Tool  and  J.  Valesak. 

[austract.] 

The  characteristics  involved  in  annealing  were  investigated 
for  a  number  of  glasses  of  different  composition.     The  glasses 

*  Scientific  Paper  No.  360. 

*  Scientific  Paper  No.  358. 
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studied  were  chiefly  those  produced  by  the  Bureau  of  Standards 
at  Pittsburgh.  Any  common  process  of  anneaHng-  may  be  con- 
sidered as  made  up  of  three  factors,  namely :  the  anneaHng-  tem- 
perature, the  time  allowed  for  the  reduction  of  the  stresses,  and 
the  rate  and  mode  of  cooling. 

One  method  which  appears  very  dependable  for  determining 
the  practical  range  of  annealing  temperatures  consists  of  locating 
the  temperature  interval  in  which  the  glass  on  being  heated 
shows  a  distinct  and  fairly  sharp  increase  in  the  heat  absorption. 
All  glasses  investigated  showed  this  eflfect.  It  always  occurred 
in  a  temperature  range  in  which  the  glass  was  soft  enough  to 
allow  a  practically  complete  relaxation  of  the  stresses  in  an  un- 
annealed  sample  in  a  very  short  period.  The  rapidly  increasing 
softness  of  the  glass  at  these  temperatures  and  the  increase  in 
the  heat  absorption  are  undoubtedly  related,  but  the  nature  of 
the  relationship  is  as  yet  undetermined. 

The  rate  of  the  relaxation  of  the  stresses  in  the  glass  was 
determined  at  different  temperatures  by  the  use  of  two  methods; 
first,  by  measuring  the  rate  of  deformation  of  loaded  strips  on 
rods;  and,  second,  by  determining  the  rate  at  which  the  double 
refraction  in  unannealed  glass  disappeared.  The  data  thus  ob- 
tained, as  previous  investigations  also  show,  aid  greatly  in  de- 
termining the  practical  annealing  temperature,  the  time  the  glass 
should  be  held  at  this  temperature,  and  a  satisfactory  cool- 
ing procedure. 

THE    CONSTANTS    OF    RADIATION    OF    A    UNIFORMLY 
HEATED  ENCLOSURE.* 

By  W.  W.  Coblentz. 

[abstract.] 

Experimental  data  are  given  on  atmospheric  absorption. 
The  paper  gives  also  a  recalculation  of  the  coefficient  of  total 
radiation  of  a  uniformly  heated  enclosure,  or  so-called  black 
body,  giving  a  value  of 

o  =  5.72X  10-"  watt  cm*  deg-* 

The  effect  of  atmospheric  absorption  is  discussed,  and  the 
*  Scientific  Paper  No.  357. 
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conclusion  arrived  at  is  that,  if  corrections  are  made  for  atmos- 
pheric absorption,  the  value  recently  obtained  at  Naples  is  close 
to  the  average  value,  viz., 

0  =  5-7 

In  the  second  part  of  the  paper,  the  present  status  of  the  constant 
of  spectral  radiation  is  discussed. 


THE    ULTRA-VIOLET    AND    VISIBLE    TRANSMISSION    OF 
VARIOUS   COLORED   GLASSES." 

By  K.  S.  Gibson,  E.  P.  T.  Tyndall,  and  H.  J.  McNicholas. 

[abstract.] 

During  the  last  three  years  the  spectral  transmissions  of  a 
great  number  and  variety  of  glasses  have  been  measured  by  the 
Bureau  of  Standards  throughout  the  ultra-violet,  visible,  and 
infra-red.  The  transmissions  throughout  the  infra-red,  and  ex- 
tending into  the  visible,  have  already  been  published,*  as  well 
as  the  transmissions  for  the  visible  and  ultra-violet  of  glasses 
particularly  classed  as  eye-protective. f  In  the  present  paper  are 
given  the  transmissions  for  the  visible  and  ultra-violet  of  87 
samples  of  glass,  representing  over  50  different  kinds,  mostly  col- 
ored, which  are  not  used  primarily  for  eye-protection,  but  which 
are  useful  for  various  other  special  purposes.  The  glasses  listed 
in  this  and  the  other  papers  mentioned,  are  representative  of  what 
may  be  obtained  to-day  on  the  American  market,  and  include  also 
some  of  foreign  make  which  were  obtainable  before  the  war.  It 
is  thus  possible  to  compare  the  relative  merits  of  foreign  and 
American  glass,  and  see  in  what  respect  the  latter  may  duplicate 
or  improve  upon  the  former. 

All  of  the  glasses  of  this  paper,  so  far  as  it  was  possible  to 
get  values,  were  measured  photographically  and  visually,  and 
in  most  cases  photoelcctrically.  The  photographic  (Hilger  sector 
photometer  with  quartz  spcctograph)  method  may  be  used  from 

"Technologic  Paper  No.  148. 

♦Coblcntz  and  Emerson:  B.  S.  Tech.  Paper  No.  93,  May,  1917;  3rd 
edition,  February,  1919.  Coblentz,  Emerson,  and  Long:  B.  S.  Sci.  Paper 
No.  325,  August,  1918. 

t  Gibson  and  McNicholas:     B.  S.  Tech.  Paper  No.  119,  June,  1919. 
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230  to  500  millimicrons,  the  photoelectric  (null  method)  from 
380  to  600,  and  the  visual  ( Koenig-Martens  spectrophotometer) 
from  436  to  720.  The  data  are  presented  in  the  form  of  trans- 
mission cun-es  extending^  from  720  millicrons  throughout  the  vis- 
ible and  ultra-violet  as  far  as  the  specimens  have  any  appreciable 
transmission.  The  methods  overlap  to  such  an  extent  that  when 
all  are  used  extremely  reliable  curves  may  be'  obtained.  With 
possibly  a  few  exceptions,  therefore,  the  curves  as  given  in  this 
paper  are  considered  accurate  within  0.02  on  the  transmission 
scale  of  0.00  to  i.oo.  and  in  many  cases,  especially  at  low  trans- 
missions and  in  the  better  specimens,  the  uncertainty  is  less 
than  this. 

For  each  specimen  are  given  the  transmission  curve,  the  thick- 
ness, the  trade  name  or  designation,  and  the  maker  or  dealer.  In 
each  figure  also  is  given  the  relative  visibility  curve  for  the  aver- 
age human  eye.  An  inspection  of  the  curves  must  be  made 
by  those  interested,  inasmuch  as  this  kind  of  data  cannot 
be  summarized. 

Various  practical  uses  to  which  these  glasses  are  put  are 
indicated,  such  as  ultra-violet  signaling,  railway  signaling,  im- 
provement of  visibility  both  for  visual  and  photographic  work, 
protection  of  the  eyes,  and  selective  ray  filters.  Of  special  value 
in  scientific  work  is  their  use  as  filters  tO'  obtain  monochromatic 
light  from  the  mercur>%  helium,  or  hydrogen  lamps.  Transmis- 
sion curves  of  such  filters  are  given. 


NOTES    ON    THE    MICROSTRUCTURE    OF    IRON    AND    MILD 
STEEL  AT  HIGH  TEMPERATURE.' 

By  Henry  S.  Rawdon  and  Howard  Scott. 

[abstract.] 

The  microstructure  of  iron  and  mild  steel  which  prevails  at 
high  temperatures  was  studied  by  means  of  "heat-etching."  The 
polished  specimens  were  heated  in  vacuo  to  the  desired  tempera- 
ture; volatilization  of  the  metal  from  the  surface  is  sufficient, 
together  with  the  volume  changes  in  the  critical  transformation, 
to  produce  an  etched  pattern  on  the  previously  polished  face  which 

'  Scientific  Paper  No.  356. 
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records  the  type  of  structure  existing  at  that  temperature.  No 
change  occurs  in  the  type  of  microstructure  upon  heating  until 
the  temperature  of  the  A3  transformation  is  reached.  Above  this 
temperature  the  structure  is  radically  different  from  that  which 
prevails  below. 

The  composition  of  the  metal  at  the  surface  of  the  heated 
specimen  changes  considerably  during  the  heating.  The  extent 
and  nature  of  the  change  was  determined;  it  is  essentially  a  de- 
carburization.  Such  decarburization  does  not  occur  until  all  the 
carbon  is  in  the  form  of  a  solid  solution,  i.e.,  until  the  temperature 
of  the  Ai  transformation  is  passed.  The  effect  of  this  composition 
change  upon  the  indications  of  the  etching  pattern  by  w'hich  the 
structure  is  revealed  is  discussed.  This  method  of  heat-etching 
is  sensitive  enough  to  reveal  the  true  structure  of  the  metal  in 
spite  of  the  change  wdiich  occurs  later  in  the  composition  of  the 
surface  metal. 


THE  EFFLUX  OF  GASES  THROUGH  SMALL  ORIFICES.' 
By  Edgar  Buckingham  and  Junius  David  Edwards. 

[abstract.] 

This  paper  contains  a  theoretical  discussion  of  the  results  of 
experiments  made  during  an  investigation  of  the  effusion 
method  of  determining  gas  density;  and  it  is  a  sequel  to  the 
paper  in  which  that  investigation  has  already  been  described 
by  one  of  the  present  authors.*  The  effect  on  effusion  of  vis- 
cosity and  thermal  conductivity  of  the  gas  are  studied,  and 
formulas  for  representing  these  effects  are  developed  and  com- 
pared with  the  observed  facts.  A  physical  interpretation  is  thus 
obtained  for  the  most  striking  of  the  apparent  anomalies  observed 
in  the  behavior  of  gases  flowing  through  very  small  orifices  such 
as  arc  used  in  apparatus  for  determining  density  by  effusion.  The 
mathematical  work  was,  unavoidably,  too  cumbersome  for  satis- 
factory abstraction.  The  resulting  agreement  of  the  theory  with 
the  observations  is  exhibited  graphically.  It  is  fairly  satisfactory 
but  not  perfect,  and  its  imperfections  suggest  the  directions  in 
which  further  experiments  should  be  made. 

'  Scientific  Paper  No.  359. 

♦Edwards:     Techn.  Paper  Bur.  Standards,  No.  9.4,  June  «>o,  1917. 
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RECOMMENDED    SPECIFICATION    FOR    BASIC    SULPHATE 
WHITE  LEAD." 

[abstract.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization,  September  22, 
1919.  This  committee  was  appointed  at  the  suggestion  of  the 
Secretary  of  Commerce,  and  consisted  of  representatives  of  the 
War,  Xavy.  Agriculture,  Interior,  Post  Office,  Treasury,  and 
Commerce  Departments,  the  Railroad  Administration,  the  Pan- 
ama Canal,  and  the  Educational  Bureau  of  the  Paint  Manufac- 
turers' Association  of  the  United  States.  The  committee  submit- 
ted a  preliminary  draft  of  this  specification  to  a  number  of  rep- 
resentatives of  the  paint  and  varnish  industry,  including  all  of 
the  large  manufacturers  of  white  lead,  and  gave  careful  consid- 
eration to  the  replies  received  in  time. 

This  specification  gives  chemical  and  physical  requirements 
for  dry  basic  sulphate  white  lead  and  basic  sulphate  white  lead 
ground  to  a  paste  in  linseed  oil.  Methods  of  sampling  and 
methods  of  testing  both  dry  pigment  and  the  paste  are  made  part 
of  the  specification.   For  details,  the  original  should  be  consulted. 


Benzol  Poisoning. — According  to  R.  P.  Albaugh  (Modern 
Medicine,  1919,  i,  670),  benzol  or  benzene  is  one  of  the  most  impor- 
tant industrial  poisons.  Poisoning  due  to  benzene  may  occur  in 
the  manufacture  of  aromatic  hydrocarbons,  or  in  the  technical 
use  of  products  containing  these  hydrocarbons,  e.g.,  in  the  re- 
moval of  grease  from  goods,  and  in  the  manufacture  of  varnish 
and  rubber.  The  poisoning  may  be  mild  or  severe,  acute  or 
chronic,  and  may  have  fatal  results.  When  man  is  exposed  to  a 
mixture  of  benzene  and  air,  he  absorbs  80  per  cent,  of  the  benzene ; 
the  limit  for  animals  is  from  0.015  to  0.016  parts  of  benzene  to  1000 
parts  of  air.  Distillations  should  be  carried  out  in  impervious 
apparatus  with  well-cooled  condensers.  All  apparatus  which  has 
contained  benzene  should  never  be  entered  for  cleaning  or 
repairs  until  all  benzene  has  been  removed,  and  thorough  ventila- 
tion has  occurred.  The  workmen  should  have  approved  breath- 
ing apparatus.  A  person  overcome  by  benzene  should  be  removed 
into  fresh  air  promptly,  and  given  artificial  respiration.  Women 
are  more  susceptible  than  men  to  benzene  poisoning. 
J-  S.  H. 

•  Circular  No.  85. 
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Platinum  in  1919.  (U.  S.  Geological  Survey  Press  Bulletin, 
No.  435,  December,  1919.) — The  platinum  market  during  the  first 
quarter  of  1919  was  easier  than  in  1918,  owing  to  the  facts  that 
the  governmental  restriction  on  the  use  of  platinvim  had  been  re- 
moved and  that  the  Government  was  disposing  of  its  surplus 
stocks.  The  low  price  of  $99  an  ounce  was  reached  late  in  March 
and  was  maintained  about  a  month,  but  the  price  gradually 
stiffened  until  August,  when  the  Government  stocks  were  ex- 
hausted, and  then  abruptly  rose  to  $110  an  ounce.  Since  the 
middle  of  August  the  price  has  continued  to  advance  about  $5  an 
ounce  a  month,  the  demand  for  the  metal  has  been  strong,  and  the 
supply  has  been  short. 

During  the  first  nine  months  of  1919  about  40,400  ounces  of 
platinum  were  imported,  and  importation  at  this  rate  will  probably 
be  continued  during  the  rest  of  the  year,  so  that  if  the  normal 
domestic  production  of  7000  to  10,000  ounces  is  maintained,  about 
54,800  ounces  of  new  platinum  should  be  available,  aside  from  the 
stocks  of  platinum,  about  65,000  ounces,  held  at  the  beginning 
of  1919. 

So  far  as  known  there  has  been  little  change  in  the  domestic 
mining  of  platinum.  The  wide  search  made  in  1918  for  domestic 
sources  of  platinum  has  apparently  yielded  little  results.  Colom- 
bia may  supply  more  crude  platinum  in  1920  than  in  the  past,  but 
its  producing  capacity  is  limited  by  the  methods  employed  in 
washing  the  gravels  from  which  the  metal  is  obtained.  Practi- 
cally no  supplies  can  be  expected  from  Russia  for  several  years. 
The  osmiridium  field  of  Tasmania  appears  to  need  only  higher 
prices  to  stimulate  larger  production,  but  even  with  this  stimulus 
it  can  probably  produce  not  much  more  than  2000  ounces  a  year. 

According  to  James  M.  Hill,  of  the  United  States  Geological 
Survey,  Department  of  the  Interior,  there  seems  to  he  little  hope 
of  any  marked  increase  in  the  output  of  platinum  in  the  United 
States  or  Canada  over  the  small  output  heretofore  made,  and  as 
the  supplies  are  below  normal  and  the  demand  is  large  it  is  reason- 
ably certain  that  the  price  of  platinum  metals  in  this  country 
during  1920  will  be  at  least  as  high  as  it  was  during  the  last  quarter 
of  1919,  and  possibly  higher. 

Energy  Requirements  of  Man. — The  JFeekly  Xeivs  Letter, 
U.  S.  Department  of  Agriculture,  December  31.  1919  (vol.  vii, 
No.  22,  page  3-4),  states  that  a  family  consisting  of  father, 
mother,  and  three  children  requires  approximately  12,000  calories 
per  day.  These  may  be  divided  into  120  portions  of  100  calories 
each.  The  diet  is  best  balanced  by  dividing  these  120  portions  among 
certain  groups  of  foodstuffs:  Fruits  and  vegetables,  24;  milk,  eggs, 
and  meats,  36;  cereals  and  legumes,  30;  sugar  and  sugary  foods,  12; 
fats  and  fatty  foods,  18. 

T.  S.  H. 


NOTES  FROM  THE  RESEARCH  LABORATORY, 
EASTMAN  KODAK  COMPANY.* 


INTENSIFICATION  AND  REDUCTION  WITH  PYRO 
DEVELOPERS/ 

By  R.  B.  Wilsey. 

It  is  well  known  that  a  pyro  developed  negative  has  a  greater 
printing  density  and  contrast  than  a  neutral  negative  of  equal 
visual  density  and  contrast.  The  strength  of  the  pyro  color  can  be 
varied  over  a  wide  range  by  suitably  altering  the  concentrations 
of  the  constitutents  of  the  developer,  especially  that  of  the  sul- 
phite. These  facts  suggested  the  possibility  of  using  the  pyro 
color  as  a  means  of  photographic  intensification,  or  its  removal 
to  produce  photographic  reduction.  A  pyro  negative  may  be 
bleached  in  a  ferricyanide  bleach  without  losing  its  color,  and 
redeveloped  in  a  pyro  developer  to  produce  another  deposit  of 
stain  and  thus  intensification,  or  it  may  be  bleached  in  a  perman- 
ganate bleach,  removing  the  color,  and  redeveloped  in  a  formula 
giving  it  a  lower  photographic  contrast.  A  neutral  negative  may 
be  bleached  in  either  ferricyanide  or  permanganate  bleach,  and 
intensified  by  redeveloping  in  a  pyro  developer. 

These  various  possibilities  were  investigated  with  sensitometer 
strips  made  upon  Seed  30  plates.  Printing  contrasts  were  deter- 
mined from  prints  upon  positive  motion  picture  film.  It  was 
found  that  a  negative  of  normal  pyro  color  (developed  in  pyro 
5-10-10)  could  be  reduced  to  about  half  its  original  photographic 
contrast  by  bleaching  in  permanganate  bleach  and  redeveloping 
in  elon-hydroquinone.  By  bleaching  in  ferricyanide  bleach,  and 
redeveloping  in  pyro  without  sulphite  (pyro  5-10-0),  the  printing 
contrast  was  nearly  doubled.  The  printing  contrast  of  an  elon- 
hydroquinone  negative  was  doubled  by  bleaching  in  permanganate 
bleach  and  redeveloping  in  pyro  5-10-0.    Lesser  degree  of  reduc- 

*    Communicated  by  the  Director, 

'  Communication  No.  83  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Company,  published  in  Phot.  J.  Amer.,  1919,  p.  558,  and  Brit.  J.  Phot., 
1919.  P-  721. 
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tion  or  intensification  was  obtained  by  redeveloping  in  pyro  de- 
veloper having  a  suitable  concentration  of  sulphide. 

The  process  of  intensification  was  repeated  five  times  upon 
a  single  negative,  which  gave  it  a  printing  contrast  nearly  three 
times  that  of  the  original  negative.  The  advantages  of  this 
method  are  that,  within  certain  limits,  any  degree  of  intensifica- 
tion or  reduction  can  be  produced  by  suitable  variations  in  the 
sulphite  concentration  of  the  redeveloper;  the  reduction  or  inten- 
sification is  proportional,  the  contrast  being  changed  by  the  same 
ratio  for  all  parts  of  the  negative.  The  degree  of  reduction  or 
intensification  that  can  be  obtained  compares  favorably  with 
that  of  other  methods. 


Desiccated  Vegetables. — Philip  B.  Hawk  of  Jefiferson  Medi- 
cal College  (Science,  1919,  xlix,  329-330)  comments  on  the  behavior 
of  desiccated  vegetables.  When  they  are  immersed  in  water  for  a 
few  hours  they  assume  a  form  closely  approaching  that  of  the  fresh 
vegetable.  If  the  swollen  mass  be  removed  from  the  water  and 
permitted  to  remain  at  room  temperature  for  twenty-four  to  thirty- 
six  hours,  it  returns  to  the  anhydrous  state,  and  therefore  behaves 
in  an  entirely  different  manner  from  a  fresh  article.  Hence  a  fresh 
vegetable  and  a  swollen  desiccated  vegetable  are  entirely  different 
structurally.  The  failure  of  the  swollen  desiccated  product  to  re- 
tain its  water  as  well  as  the  fresh  article  may  be  due  to  a  change  in 
the  colloids  of  the  vegetable  cells  with  an  accompanying  decrease  in 
their  power  to  hold  water,  or  may  be  due  to  removal  of  salts  during 
the  soaking  and  a  resulting  decrease  in  inhibition  power  of 
the  colloids. 

J.  S.  H. 

Utilization  of  the  Rhone  in  French  Territory. — In  August, 
1919,  the  vSenatc  and  tlie  Chamber  of  Deputies  adopted  articles  pro- 
viding for  this  great  engineering  work.  The  estimated  cost  is  2,500,- 
000,000  francs  and  fifteen  years  will  be  spent  on  the  project.  From 
Lake  Geneva  to  the  Mediterranean  there  is  a  fall  of  372  metres. 
It  is  estimated  that  1,800,000  horsepower  can  be  developed.  "  The 
Rhone  represents  a  mine  as  rich  as  all  the  coal  fields  of  the  north 
of  France,"  a  fortunate  circumstance  for  France  in  view  of  the 
systematic  destruction  of  her  coal  mines  by  the  Germans. 

In  addition  to  the  develo])nient  of  power  the  navigation  of  the 
river  will  be  imj^roved.  At  present  there  is  almost  no  use  made  of 
the  stream  from  Geneva  to  Lyons  as  a  waterway.  Water  for  irriga- 
tion will  be  provided  for  the  departments  of  Gard.  P)OUches-(lu- 
Rhone  and  elsewhere. 

G.  F.  S. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY. 


VANILLYL  ACYL  AMIDES/ 

By  E.  K.  Nelson. 

[abstract.] 

The  author's  investigation  of  capsaicin,^  which  demon- 
strated that  substance  to  be  a  vanillvl  decenoyl  amide,  has  led  to  the 
synthesis  of  a  number  of  other  vanillyl  acyl  amides  (4-hydroxy- 
3-methoxy  benzyl  acyl  amides),  of  the  type  (4)HO(3)CH30. 
CcH3(i)CHoNHC0R. 

The  condensation  products  of  vanillyl  amine  with  acetic,  pro- 
pionic, butyric,  isobutyric,  M-hexoic,  n-hep,toic,  n-octoic,  w-nonoic, 
«-decoic,  n-undecoic,  n-dodecoic,  crotonic,  undecenoic  and  ben- 
zoic acids  have  been  prepared  and  described.  Optical-crystallo- 
graphic  data  are  given.  The  products  from  valeric,  isovaleric, 
cinnamic  and  two  decenoic  acids  failed  to  crystallize. 

In  the  homologous  series  of  derivatives  of  saturated  fatty 
acids,  the  solubility  in  water  decreases,  while  the  solubility  in 
ether  increases,  with  rising  molecular  weight.  Pungency  to  the 
taste,  absent  in  vanillyl  acetamide,  increases  to  a  maximum  in 
vanillyl  w-nonoylamide,  which  is  about  as  pungent  as  capsaicin, 
one  eight-thousandth  milligram  of  either  substance  causing  a 
distinct  burning  on  the  tip  of  the  tongue.  Pungency  in  the  deriv- 
atives of  still  higher  molecular  weight  decreases  or  changes  in 
character,  Ijecoming  less  quickly  evident  and  affecting  the  back  of 
the  tongue  and  throat. 

These  relations  run  parallel  with  the  observations  of  Back- 
man  ^  and  Durrans  ^  on  odorous  substances,  which  showed,  re- 
spectively, that  a  substance,  to  be  odorous,  must  be  somewhat 
soluble  in  both  water  and  lipoids,  and  that,  in  homologous  series, 
the  maximum  odor  is  found  in  substances  of  intermediate  molec- 
ular weight. 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Published  in  /.  Am.  Chem.  Soc,  vol.  xli,  Dec,  1919,  pp.  2121-30. 
'Nelson:    /.  Am.  Chem.  Soc,  vol.  xli,  1919,  p.  1115.  , 

^  Backman:    /.  physiol.  path,  gen.,  vol.  xvii,  1917,  p.  i. 

*  Durrans:    Perfumery  and  Essential  Oil  Record,  vol.  x,  1919,  p.  104. 

249 


250  U.  S.  Bureau  of  Chemistry  Notes.  [J- F.  I. 

LABORATORY   EXPERIMENTS    ON   THE    MANUFACTURE    OF 
CHINESE  ANG-KHAK  IN  THE  UNITED  STATES/ 

By  M.  B.  Church. 

[abstract.] 

Ang-Khak  or  red  rice,  a  common  Chinese  vegetable  color, 
is  used  in  food  products  of  China.  Its  character  is  due  to  the 
growth  of  certain  strains  of  a  mold,  Monascus  piirpureus  Went, 
throughout  specially  treated  rice  kernals.  This  mold  is  so  utilized 
only  in  the  Orient.  Certain  strains  of  the  same  fungus  have  been 
found  in  America  in  corn  silage  and  on  "  freckled  "  salt  codfish. 
The  finished  red  rice  is  composed  of  clear-cut  grains  of  a  dark  red 
color,  and  crumbles  easily  into  a  fine,  soft,  red  power.  On  contact 
with  watery  solutions,  it  breaks  down  into  similar  fine  particles. 
In  the  manufacture  of  red  rice  the  water  content  of  the  uninocu- 
lated  rice  must  be  suitably  adjusted.  Temperature  also  must  be 
considered.  In  these  laboratory  experiments  a  25  per  cent,  water 
content  at  room  temperature  (22-24°  C. )  was  successful.  Other 
water  contents  caused  the  mold-infected  rice  grains  to  split  into 
flinty  fragments  rather  than  to  break  down  into  a  powder.  As 
the  physiological  activity  of  each  strain  of  Monascus  piirpureus 
may  vary  quantitatively,  it  is  necessary  to  resort  to  the  selection 
of  strains  in  order  to  produce  successful  red  rice. 


Flax  Growing  Within  the  Empire.  {Journal  of  Royal  Society 
of  Arts,  November  7,  1919.) — Before  the  war  Britain  needed  about 
100,000  tons  of  this  fibre.  Seventy  to  80  per  cent,  came  from 
Russia,  while  Belgium,  France  and  Holland  contributed  a  total  of 
10  per  cent.,  and  Ireland  as  much.  The  over-running  of  the  flax- 
growing  parts  of  France  and  Belgium  was  followed  by  the  collapse 
of  Russia.  This  was  met  by  an  extension  of  the  acreage  under  flax 
in  Scotland  and  England,  but  especially  in  Ireland,  where  in  1914 
there  were  49,000  acres  and  in  19 18  143,000,  chiefly  in  Ulster. 

The  present  outlook  for  an  adc([uatc  supply  of  flax  is  not  satis- 
factory. It  is  not  yet  determined  whether  it  is  possihlc  to  establish 
the  industry  permanently  in  Great  Britain  under  modern  conditions 
of  wages  and  machinery.  G.  F.  S. 

Revue  Gcncrale  de  I'lllectricite,  November  15,  1919.  contains 
an  illustrated  article  by  GeorgI':  P.  Roux  on  "  The  luicrgy  Distribut- 
ing System  of  the  Philadelphia  I^lcctric  Company."  Special  empha- 
sis is  laid  \.\\yon  the  "  load  dispatcher  "  and  the  apparatus  employed 
by  him^ G.  F.  S. 

'Published  in  /.  Ind.  Eng.  Chcm.,  vol.  xii,  No.  i,  Jan.,  1O20,  p.  45. 
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EXPERIMENT  STATION  OF  THE  BUREAU  OF  MINES. 
By  Van  H.  Manning. 

Ix  the  ten  years  that  have  elapsed  since  the  Bureau  of  Mines 
was  first  established  its  centres  of  activity  have  increased  in 
number  from  a  single  station,  at  Pittsburgh,  lo  eleven  stations  at 
strategic  points,  the  most  remote  being  at  Fairbanks,  Alaska. 
Each  station  has  its  part  in  the  work  of  the  Bureau  as  a  whole 
and  it  also  has  an  integral  function  as  the  local  centre  for  Federal 
aid  to  the  mineral  industry.  In  Bulletin  75  of  the  Bureau  of 
Mines  the  equipment  and  the  work  that  has  been  and  is  being 
done  at  each  station  is  described  in  sufficient  detail  so  that  any- 
one familiar  with  the  work  of  only  one  station  can  secure  an 
adequate  idea  of  what  is  being  done  elsewhere,  and  what  the 
facilities  of  the  Bureau  as  a  whole  are.  The  safety  and  rescue 
stations  of  the  Bureau  are  also  briefly  described  in  this  Bulletin 
for  although  these  are  not  properly  experiment  stations,  some 
investigative  work  on  mine  sanitation  and  hygiene  is  carried 
on  at  them. 

USE  OF  BREATHING  APPARATUS  IN  GASOLINE  VAPORS. 
By  A.  C.  Fieldner,  L.  H.  Katz,  and  S.  P.  Kinney. 

The  use  of  oxygen-breathing  apparatus  in  gasoline  vapors  of 
high  concentration  is  attended  with  considerable  danger  because 
the  vapor  permeates  the  rubberized  fabric  of  the  breathing  bag. 
Jas.  S.  Cunningham,  foreman  miner  of  the  Bureau,  lost  his  life 
through  entering  a  gasoline  storage  tank  while  wearing  such 
apparatus.  Tests  have  therefore  been  made  of  the  effect  of 
gasoline  vapors  on  breathing  apparatus,  and  these  experiments 
show  that  the  thin  rubberized  coating  used  on  the  Salvus  half 
hour  oxygen-breathing  apparatus  is  rather  easily  penetrated  by 
both  liquid  gasoline  and  high  concentrations  of  gasoline  vapor, 
such  as  may  be  expected  in  a  tank  containing  some  volatile  casing- 
head  gasoline.     While  ordinary  motor  gasoline  does  not  seem 

*  Communicated  by  the  Director. 
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to  produce  high  enough  concentrations  of  gas  to  penetrate  in 
dangerous  quantities  through  a  bag  free  from  defects  in  a  period 
of  10  to  15  minutes,  yet  the  need  of  a  much  more  impermeable 
bag  is  certainly  demonstrated. 

The  bags  now  furnished  with  some  half  hour  types  of  breath- 
ing apparatus,  such  as  the  ones  tested,  consist  of  cloth  fabric 
coated  with  a  thin  rubber  cement-like  material  that  is  decomposed 
by  gasoline  and  is  penetrated  by  the  vapors  in  a  much  greater 
degree  than  the  heavier  rubber  fabrics  used  on  the  two  hour  types 
of  apparatus.  These  heavier  bags  must  also  be  under  suspicion 
for  such  purposes  until  thoroughly  investigated. 

The  Bureau  of  Mines  is  taking  up  this  subject  with  a  view 
to  recommending  more  impermeable  materials  not  attacked  by 
gasoline  or  similar  liquids.  In  the  meantime,  users  of  oxygen- 
breathing  apparatus  in  high  concentrations  of  gasoline,  ben- 
zol and  other  organic  vapors  should  observe  all  precautions 
and  always  attach  a  life  line  to  the  wearer  so  that  he  can  be 
immediately  drawn  out  of  the  dangerous  atmosphere  should  he 
show  distress. 

WASTE  AND  CORRECT  USE  OF  NATURAL  GAS  IN  THE  HOME. 

By  S.  S.  Wyer. 

Natural  gas  is  a  community  asset  and  every  consumer  has 
a  right  to  demand  that  wasteful  use  be  prohibited  in  the  interest 
of  the  general  service.  Of  all  the  gas  sold  as  a  public  utility 
service  in  the  United  States,  three-fourths  is  natural  gas.  The 
average  price  of  natural  gas  to  the  domestic  consumer  is  30 
cents  per  thousand  cubic  feet;  the  average  price  of  manufactured 
gas  is  $1.00  per  thousand  cubic  feet.  Of  the  natural  gas  delivered 
to  the  domestic  consumer  80  per  cent,  is  wasted  through  the 
use  of  inefficient  appliances  for  its  burning.  By  relatively 
simple  and  inexpensive  adjustments  in  such  appliances  it  is  quite 
possible  to  make  one  cubic  foot  of  gas  do  the  work  now  done 
by  3  cubic  feet.  This  would  make  a  gas  supply  available  for 
consumers  who  are  now  unable  to  obtain  any,  and  postpone  the 
time  when,  through  exhaustion  of  the  natural  supply,  consumers 
will  generally  have  to  turn  to  the  use  of  manufactured  gas. 
Details  as  to  the  sources  of  waste  in  the  use  of  natural  gas  in 
the  home,  and  the  means  which  should  be  adopted  Um-  their  cor- 
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rection  are  given  in  a  Technical  Paper  of  the  Bureau  of  IMines.  A 
conference  called  by  the  Secretary  of  the  Interior  met  in  Wash- 
ington January  15.  as  a  result  of  which  a  committee  of  lo  was 
appointed  to  take  suitable  steps  to  lessen  this  loss. 


MINOR  NOTES. 


Smoke  Xuisaiu'c. — Salt  Lake  City  has  a  serious  problem  in 
the  smoke  that  is  being-  generated  within  the  city  limits  and  the 
City  is  cooperating  with  the  Bureau  of  Mines  in  studying  the 
problem  and  ascertaining  the  steps  to  be  taken  for  its  solution. 
Determinations  of  the  soot  fall  during  October  indicate  that  it 
ranged  from  8.6  to  37.9  tons  per  square  mile.  As  the  hypothesis 
had  been  advanced  that  the  smoke  from  the  smelters  drifted  in 
above  the  cit}-  and  prevented  the  city  smoke  from  rising  and 
becoming  dissipated,  one  of  the  Bureau  investigators  made  an 
airplane  flight  above  the  city  to  take  samples  of  the  air  at  the 
upper  levels.  These  showed  only  a  trace  of  SO2,  indicating  that 
smelter  smoke  was  not  present  in  appreciable  amounts. 

Colorado  Oil  Shales. — A  cooperative  agreement  has  been 
entered  into  between  the  Bureau  and  the  State  of  Colorado  for 
the  expenditure  of  $10,000  under  the  direction  of  the  Bureau  on 
investigations  of  the  oil  shales  of  Colorado.  The  work  is  to  be 
done  at  the  University  of  Colorado,  where  laboratory  facilities 
have  been  provided.  M.  J.  Gavin,  of  the  Bureau,  has  been  desig- 
nated to  have  charge  of  the  work. 

Geoplwnc  Tests. — Recent  tests  made  with  the  geophone  indi- 
cate that  nickel  diaphragms  give  a  greater  range  for  intercepting 
sound  waves  than  any  material  previously  tried.  In  a  recent 
test  at  Mullan,  Idaho,  the  geophone  successfully  located  a  leak 
in  a  12-inch  buried  water  main  after  a  great  deal  of  money  had 
been  spent  in  attempting  to  locate  the  leak  by  ordinary  means, 
but  without  result. 

Coal  Inspection. — The  estimates  for  appropriations  for  the 
Bureau  for  1 920-1  contain  an  item  providing  for  the  creation 
of  an  inspection  and  certification  service  for  coal  much  like  the 
present  inspection  of  meats,  except  that  it  will  not  be  compulsory, 
reliance  being  placed  on  the  advantages  of  the  service  to  secure 
its  general  adoption.  The  mining  companies  would  set  their  own 
standards  for  their  average  product.     Sampling  plants  would  be 
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established  at  strategic  points  and  enough  of  the  coal  passing  these 
points  would  be  sampled  to  determine  whether  the  standard  of 
product  is  being  maintained  or  not.  That  adequate  sampling 
methods  can  be  easily  provided  is  obvious  to  anyone  familiar 
with  smelter  sampling  in  the  western  United  States.  This  would 
give  the  consumer  a  means  of  knowing  what  he  is  buying,  and, 
while  it  is  not  part  of  the  plan,  it  seems  probable  that  coal  of 
guaranteed  quality  would  sell  at  a  sufficient  premium  to  cover  the 
cost  of  sampling. 

Tunnel  Atmosphere. — The  New  York  and  New  Jersey  Vehicu- 
lar Tunnel  Commission  has  asked  the  Bureau  to  undertake  an 
investigation  of  the  atmospheric  conditions  likely  to  exist  in  the 
tunnel  under  conditions  of  normal  use,  especially  from  the  stand- 
point of  the  effect  of  the  exhaust  gases  from  motor  vehicles.  A 
series  of  road  tests  on  80  motor  vehicles,  both  passenger  cars 
and  trucks,  is  well  advanced  and  chamber  tests  on  human  sub- 
jects in  a  chamber  representing  a  section  of  the  tunnel  are  about  to 
be  started.  The  road  tests  give  results  differing  somewhat  from 
the  block  tests,  heretofore  available,  as  might  have  been  expected. 
Vehicular  tunnels  are  being  constructed  in  other  cities  and  the 
results  will  be  of  general  service,  as  well  as  furnishing'  further 
data  on  the  use  of  internal  combustion  engines  underground. 


Atomic  Orientation.  T.  R.  Merton.  {Phil.  Mag.,  October, 
1919,  p.  463.) — The  atoms  in  a  crystal  are  arranged  in  a  regu- 
lar manner.  Each  atom  has  one  or  more  electrons  revolving 
about  a  nucleus  at  the  centre.  A  line  through  this  nucleus  and 
perpendicular  to  the  orbital  plane  is  the  axis  of  the  atom.  Are 
these  atomic  axes  oriented  in  a  regular  manner  within  the  crystal 
or  are  they  pointed  in  all  directions?  A  second  question  is  this: 
If  the  crystal  is  radioactive  does  the  direction  in  which  the  alpha 
and  beta  particles  are  thrown  off  bear  sonic  fixed  relation  to  the 
atomic  axis? 

To  seek  an  answer  to  the  two  ([ueslions  proposed  the  alpha 
ray  activity  was  investigated  from  different  faces  of  crystals  of 
uranium  nitrate.  No  difference  was  found.  Thus  either  or  both 
questions  appear  to  have  a  negative  answer. 

G.  F.  S. 


THE  FRANKLIN  INSTITUTE. 


(Proci'i'diiujs  of  the  .Aniiuul  Meeting  held  Wednesday,  January  21,  1920.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  January  21,  1920. 
President  Dr.  Walton  Clark  in  the  Chair. 

Additions  to  membership  since  last  report,  5. 

Reports  of  progress  were  presented  by  the  Committee  on  Library 
and  the  Committee  on  Science  and  the  Arts. 

The  tellers  of  the  election,  Messrs.  Jennings,  Colvin,  and  Picolet,  sub- 
mitted the  report  of  the  ballots  cast  for  President,  Vice-Presidents,  Treas- 
urer, and  members  of  the  Board  of  Managers,  and  the  following  gentlemen 
were  declared  dul\-  elected  to  the  respective  oflfices: 

Walton  Clark.  President  (to  serve  one  year). 

Coleman  Sellers,  Jr.,  \'ice-President  (to  serve  three  years). 

Charles  Day.  ^^ice-President  (to  serve  one  j^ear). 

Cyrus  Borgner.  Treasurer  (to  serve  one  year). 

Gellert  AUeman.  G.  H.  Clamer,  Theobald  F.  Clark,  Walton  Forstall, 
Benjamin  Franklin.  Harry  F.  Keller,  George  D.  Rosengarten,  William  C. 
Wetherill,  Managers  (to  serve  three  years). 

Howard  Graham.  C.  C.  Tutwiler,  Managers  (to  serve  one  year). 

A  vote  of  thanks  was  extended  to  the  tellers  for  their  services. 

The  President  presented  a  statement  of  the  work  of  the  Institute 
for  the  fiscal  j-ear  ending  September  30,  1920,  with  the  reports  of  the 
various  standing  committees  of  the  Institute  and  Board  of  Managers. 

The  President  then  announced  that  the  Aero  Club  of  Pennsylvania 
was  meeting  jointly  with  the  Institute,  and  requested  Mr.  Joseph  A. 
Steinmetz,  President,  to  preside. 

Mr.  Steinmetz  introduced  Dr.  J.  C.  Hunsaker,  Commander,  Construc- 
tion Corps,  U.  S.  Navy,  Navy  Department,  Washington,  D.  C,  who 
presented  the  communication  of  the  evening,  entitled  "  U.  S.  Naval  Air- 
craft." Consideration  was  given  to  the  development  of  aircraft  for  the 
Naval  Air  Service  as  influenced  by  Naval  requirements.  An  account  was 
also  given  of  the  engineering  investigations  upon  which  th°  design  of 
modern  Aircraft  is  based.  Detailed  descriptions  were  given  of  the  various 
seaplanes,  balloons  and  airships  which  were  used  during  the  recent  war 
by  the  Navy.  Guns  and  gunmounts,  torpedo  carriers,  bomb-carrying 
devices  and  other  auxiliary  apparatus  were  fully  described.  The  subject 
was  illustrated  by  numerous  lantern  slides. 

On  motion,  duly  seconded,  a  rising  vote  of  thanks  was  extended  to 

Commander  Hunsaker  for  his  interesting  paper. 

Adjourned.  ^ 

R.  B.  Owens, 

Secretary. 
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COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract   of  Proceedings  of   the  Stated  Meeting   held   lVed)iesday, 
January  7,  1920.) 

Hall  of  the  Institute, 
Philadelphia,  January  7,  1920. 

Mr.  Benjamin  Franklin  in  the  Chair. 

The  following  report  was  presented  for  final  action  : 
No.  2740 :  Barker  Wrenchless  Chuck.    Howard  X.  Potts  Aledal  awarded 
to  Wendell  Addison  Barker,  of  Elkhart,  Indiana. 
The  following  report  was  presented  for  first  reading: 
No.  2733 :  Hays  Automatic  CO::  and   Draft  Recorder. 

R.  B.  Owens, 
Secretary. 

SECTIONS. 

Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section,  the 
Aero  Club  of  Pennsylvania,  and  the  Physics  Club  of  Philadelphia  was  held 
in  the  Hall  of  the  Institute  on  Thursday  evening,  January  8,  1920,  at  8  o'clock. 

Dr.  George  A.  Hoadley  opened  the  meeting  on  behalf  of  the  Institute,  and 
introduced  as  the  presiding  officer  Dr.  Thomas  D.  Cope,  President  of  the 
Physics  Club,  who  presented  the  speaker  of  the  evening.  Dr.  David  L.  Web- 
ster, Captain,  Aviation  Section  (flying  status).  Signal  Officers'  Reserve  Corps; 
Assistant  Professor  of  Physics  in  the  Massachusetts  Institute  of  Technology. 
Dr.  Webster  delivered  an  illustrated  lecture  on  "  The  Physics  of  Flight,"  in 
which  the  fundamental  physics  of  flight  and  their  application  by  the  pilot 
were  described. 

The  communication  was  discussed  by  Drs.  Russell,  Ives,  Cope,  and  Web- 
ster, and  Lieutenant  Wetherill.  On  the  motion  of  Dr.  Russell,  a  vote  of 
thanks  was  extended  to  Dr.  Webster.     The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 

Section  of  Physics  and  Chemistry. — \  joint  meeting  of  the  Section,  the 
Philadelphia  Section  of  the  American  Institute  of  Electrical  Engineers,  and 
the  Physics  Club  of  Philadelphia  was  held  in  the  Hall  of  the  Institute  on 
Thursday  evening,  January  15,  1920,  at  8  o'clock.  Dr.  George  A.  Hoadley  on 
behalf  of  The  Franklin  Institute,  Dr.  C.  E.  Clewell  on  behalf  of  the  .American 
Institute  of  ICIectrical  F.ngincers,  and  Dr.  Thomas  C.  Cope  on  behalf  of  the 
Physics  Club,  presided  jointly.  The  minutes  of  the  joint  nu'oting  of  January 
8th  were  read  and  approved. 

Dr.  Clewell  introduced  Lee  de  Forest,  I'li.l).,  Sc.D.,  of  New  York  City, 
who  delivered  an  illustrated  lecture  on  "llu-  Audion-Its  .\ction  and  Sonic 
Recent  Applications."  The  history  of  the  Andioii  was  traced  from  the  orig- 
inal gas  flame  detector,  through  the  two-elect  rock-  vacuum  detector  and  valve, 
to  the  three-electrode  relay  or  modern  .\ndion.  .\n  account  was  given  of  the 
application   f)f   the    .\n<Iion   as  a   teleplioiu'   rcpi-ater,  miictator  nf   ahcrnating 
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currents  of  both  high  and  low  frequency,  autodyne  and  heterodyne  receiver, 
and  transmitter  for  radio  telephone  and  telegraph,  and  of  its  use  in  the  direc- 
tional receiving  and  in  "wired  and  wireless,"  and  for  other  purposes. 

After  a   discussion   of   the   commimication,   a   rising   vote   of   thanks   was 
extended  to  Dr.  de  Forest,  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS  TO   MEMBERSHIP. 
(Stated  Meeting.  Board  of  Managers,  January  14,  1920.) 

RESIDENT. 

Mr.  Frederic  E.  Baldwin,  retired,  2200  Walnut  Street,  Philadelphia,  Pa. 
Prof.  Monroe  B.  Snyder,  Director  of  Philadelphia  Observatory,  Central  High 
School,  Broad  and  Green  Streets,  Philadelphia,  Pa. 

non-resident. 
Mr.  William   C.   Brinton,  Jr.,   Chief  Engineeer,   Philips-Brinton   Company, 

Kennett  Square,  Pa. 
Mr.  Edwin     S.     Philips.     President,     Philips-Brinton     Company,     Kennett 

Square,  Pa. 
Mr.  Edward  E.  White,  Civil  Engineer,  Glen  White,  West  Virginia. 
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Mr.  Walter  Atlee,  1709  John  Street,  Baltimore,  Md. 
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Mr.  Ch.a.rles  E.  Foster,  St.  George  Road,  Ardmore,  Pa. 

Mr.  George  Berkeley  Reed,  U.  S.  Submarine  School,  New  London,  Conn. 

Mr.  Thomas  Spencer,  3523  Balsam  Avenue,  Indianapolis,  Ind. 

Mr.  G.  a.  Wells,  352  William  Street,  East  Orange,  N.  J. 

Mr.  Alan  Wood,  3rd,  Georgetown,  S.  C. 
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Readers'  Guide  to  Periodical  Literature,  Supplement  No.  7.    1919. 

ScHENCK,  Rudolph, — Physical  Chemistry  of  the  Metals.    1919. 

Stanley,  Rupert. — Text-Book  of  Wireless  Telegraphy.  2  vols.    1919. 
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Whittaker,  C.  M. — Application  of  the  Coal  Tar  Dyestufifs.    1919. 
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Alberger    Pump   and   Condenser   Company,   Catalogue   F.      New   York,    1919. 

(From  the  Company.) 
Alexander    Brothers,    Engineering    Data.      Philadelphia,    Pa.,    1919.      (.From 

Alexander  Brothers.) 
Allied    Machinery    Company    of    America,    Catalogue    of    Metal    Working 

Machinery.     New  York,  no  date.     (From  the  Company.) 
American  Institute  of  Mining  and  Metallurgical  Engineers,  Transactions,  vol. 

Ix.    New  York,  N.  Y.,  1919.     (From  the  Institute.) 
Austin,  F.  C,  Company,  Inc.,  Catalogue  No.  7.     Chicago,  III,  1919.     (From  the 

Company. ) 
Bailey   Meter   Company,    Bulletins    Nos.    30  and   41.     Cleveland,    Ohio,    1919. 

(From  the  Company.) 
Bicycle  Manufacturers'  Association,  Catalogue  of   Industrial  Transportation. 

Hertford,  Conn.,  1919.     (From  the  Association.) 
Bound  Brook  Oil-less  Bearing  Company,  Booklet  of  Oil-less  Bushings.    Bound 

Brook,  N.  J.,  1918.     (From  the  Company.) 
Canada   Department  of   Alines,   Bulletin   No.   30.     Ottawa,    1919.     (From  the 

Department.) 
Celite  Products  Company,  Bulletin  describing  standard  engineering  practice  in 

insulating    various    types    of    furnaces.     New    York,    1919.     (From    the 

Company.) 
Chapman  Valve  Manufacturing  Company,  Catalogue  No.  38.     Indian  Orchard, 

Mass.,  1919.     (From  the  Company.) 
Clarage  Fan  Company,  Catalogues  Nos.  6,  11  and  51.     Kalamazoo,  Mich.,  no 

date.     (From  the  Company.) 
Clark  Equipment  Company,  Booklet,  Putting  Mettle  into  Metal.     Buchanan, 

Mich.,  1919.     (From  the  Company.) 
Cooper,    Hugh   L.,   and   Company,    Catalogue,    Hydro-Klectric   Developments. 

New  York,  no  date.     (From  the  Company.) 
Dunton,  M.  W.,  Comi)any,  Booklet,  Soldering  Kinks.     Providence,  R.  I.,  1910. 

(From  the  Company.) 
Edwards,  O.  M.,  Company,  Inc.,  Catalogue  W-19.     Syracuse,  N.  Y.,  no  date. 

(From  the  Company.) 
Foxboro  Comi)any,  Inc.,   Bulletin  No.   104-1.     l-'oxboro,  Mass..   1919.      (From 

the  Company.) 
Galbraith,  C.  C,  and  Son,  Inc.,  Booklet  of  Steamship  and  Siiipyard  .'^upi)lios. 

New  York,  no  date.      (From  the  Company.) 
Gem  City  Boiler  Company,  Catalogues  419  and  519.     Dayton.  Ohio,  no  dale. 

(From  the  Company.) 
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Gifford-Wood  Company.  Catalogue   No.  35.     Hudson,   N.   Y.,    1919.     CFrom 

the  Company.) 
Goulds  Manufacturing  Company,  Bulletin  No.  122.    Seneca  Falls,  New  York, 

1919.     (.From  the   Company.) 
Green  Fuel   Economizer   Company,    Bulletin   No.    151.     Beacon,   N.   Y.,   1919. 

(.From  the  Company.) 
Heine  Safety  Boiler  Company,  Booklet,  Marine  Boiler  Logic.     St.  Louis,  Mo., 

1919.     (.From  the  Company.) 
Howe  Chain  Company,  Catalogues  Nos.  4  and  100.    Muskegon,  Mich.,  no  date. 

(From  the  Company.) 
Hyatt  Roller  Bearing  Company.  Bulletin  No.  125.     New  York,  1919.     (From 

the  Company.) 
Ingersoll  Rand  Company,  Forms  Nos.  963.  4142,  4236,  5106,  8707,  9025.     New 

York,   1919.     (From  the  Company.) 
Institution  of  Naval  Architects,  Transactions  vol.  Ixi.     London,  England,  1919. 

(From  the  Institution.) 
International  Motor  Company,  Booklet,  Motor  Trucks  from  a  Practical  Engi- 
neering Standpoint.     New  York,  no  date.     (From  the  Company.) 
Ireland,  Institution  of  Civil  Engineers,  Transactions  vol.  xliv.     Dublin,  1919. 

(From  the  Institution.) 
Koloniaal  Instituut,  Houtsnijwerk  en  Metaalbewerking  in  Nederlansch  door 

J.  A.  Loeber,  Jr.,  Zesde  Jaarverslag,   1916.     Amsterdam,   Holland,   1916. 

(From  the  Institute.) 
Koninklijke  Akademie  van  Wetenschappen,  Jaarboek,  1915  ;  Proceedings  of  the 

Section  of  Sciences,  Parts  i  and  2;  Verhandelingen  Deel  XII,  Nos.  i  and 

2.     Amsterdam,  1915-1916.     (From  the  Academy.) 
Koppers  Company,  Booklet,  By-Product  Coke  and  Gas  Plants.     Pittsburgh, 

Pa.,  1919.     (From  the  Company.) 
Lea-Courtenay  Company,  Bulletins  H-4  and  S-5.     Newark,  N.  J.,  1919.     (From 

the  Company.) 
Leland  Stanford  Junior  University,  Register  1918-1919.     Stanford  University, 

Cal.     (From  the  University.) 
Link-Belt  Company,  Booklet  No.  421.     Nicetown,  Phila.,  Pa.,   1919.     (From 

the  Company.) 
London,  Royal  Society,  Year  Book,  1919.     London,  1919.     (From  the  Society.) 
McLain-Carter  Furnace  Company,  Catalogue  of  the  Open  Hearth  Furnace. 

Milwaukee,  Wis.,  1919.     (From  the  Company.) 
Marion  Foundry  Corporation,  Catalogue  of  Clear  Cut  Grates.     Marion,  Ind;, 

no  date.     (From  the  Corporation.) 
Marion    Steam    Shovel    Company,    Catalogue   No.    188.     Marion,    Ohio,    1919. 

(From  the  Company.) 
Michigan  Machine  Company,  Booklet  of  Rollway  Pumps.     Detroit,  Michigan, 

1919.     (From  the  Company.) 
National  Compressed  .A^ir  Machinery  Company,  Catalogue  No.  17.     Los  An- 
geles, Calif.,  1919.    (From  the  Company.) 
National  Lathe  Company,  Catalogue  E.     Cincinnati,  Ohio,  no  date.     (From 

the  Company.) 
New   Zealand  Institute,  Transactions  and   Proceedings,  vol.    li.     Wellington, 

1919.     (From  the  Institute.) 
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North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  Annual 
Report  of  the  Council  1918-1919.     London,  1919.     (From  the  Institute.) 

Pennsylvania  Commonwealth,  State  Treasurer's  Annual  Reports  1918 ;  Report 
of  the  Commissioner  of  Health  1915  ;  Report  of  the  Superintendent  of 
Public   Instruction    1918;    Report   of    the   Department   of   Forestry    1916- 

1917.  Harrisburg,  Pa.     (From  the  State  Librarian.) 

Philadelphia  College  of  Physicians,  Transactions,  vol.  xl.     Philadelphia,  Pa., 

1918.  (From  the  College.) 

Schutte  and  Koerting  Company,  Catalogue  8,  Section  B.     Philadelphia,   1916. 

(From  the  Company.) 
Stokes,  F.  J.,  Machine  Company,  Booklet  of  Vacuum  Dryers  and  Chemical 

Apparatus.     Philadelphia,  no  date.     (From  the  Company.) 
Taft-Peirce  Manufacturing  Company,  Bulletin  Xo.   107.     Woonsocket,  R.  I., 

1919.  (From  the  Company.) 

Tasmania    Secretary    for    Mines,    Report    for    1918.      Hobart,    1919.      (From 

the  Secretary.) 
Taylor  Instrument  Company,  General  Industrial  Catalogue.     Rochester,  N.  Y., 

1919.     (From  the  Company.) 
Under-Feed  Stoker  Company  of  America,  Publication,  Coal.     New  York,  1919. 

(From  the  Company.) 
United  Smelting  and  Aluminum  Company,  Booklet,  Sidelights  on  Aluminum 

and     Non-Ferrous     Metals.     New     Haven,     Conn.,     1919.     (From     the 

Company.) 
U.  S.  Commissioner  of  Lighthouses,  Annual  Report  for  the  year  ending  June 

30,   1919.  Washington,  D.  C.     (From  the  Commissioner.) 
U.   S.   Director  of  the  National   Park  Service,  Report  for  the  year  ending 

June  30,  1919.     Washington,  D.   C.     (From  the  Director.) 
U.  S.  Surgeon  General's  Office  Library,  Index  Catologue  Third  Series,  vol.  i. 

Washington,  D.  C,  1919.     (From  the  Surgeon  General.) 
University  of  Pennsylvania,  Bulletin  No.  2.     Philadelphia,  Pa.,  1919.     (From 

the  University.) 
Vaile-Kimes   Company,   Bulletins   Nos.   375  to   380,   inclusive.     Dayton,  Ohio. 

1919.     (From  the  Company.) 
Warner  Elevator  Manufacturing  Company,  Catalogue  of  Traction  Elevators. 

Cincinnati,  Ohio,  no  date.     (From  the  Company.) 
Williams,  J.   H.,  and  Company,  Catalogues.   Seventeenth   Edition.     Brooklyn. 

N.  Y.,  no  date.     (From  the  Company.) 
Yarnall-Waring  Comnany,  Booklet,  Engineering  Devices  for  the  Power  Plant. 

Chestnut  Hill,  Philadelphia,  no  date.     (From  the  Company.) 


BOOK  NOTICES. 

Air  Skrvick  Meuic.\l  Manual.  War  Department.  Air  Service.  Division  of 
Military  Aeronautics.  38  pages  text,  illustrations,  plates,  Bvo.  Washing- 
ton     Government  Printing  Office,  1918. 

Flying,  which  has  now  become  one  of  the  important  features  of  warfare, 
and  has  found  some  applications  in  the  arts  of  peace,  involves  much  danger, 
from    defects    of    machinery,    atmospheric   conditions    and    i)sychology   of    the 
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pilot.  It  is  to  the  last-mentioned  condition  that  this  book  is  devoted.  In  each 
of  the  countries  that  were  at  war  recently  there  is  an  established  medical 
service.  The  British  have  organized  their  service  as  practically  an  independent 
arm.  under  a  Surgeon  General  of  Aeronautics.  The  United  States  service  is 
handled  by  a  division  of  the  office  of  the  Surgeon  General  of  the  Army. 
The  book  is  divided  into  two  parts,  Part  i  being  a  brief  statement  of  general 
facts,  including  some  account  of  Langley's  pioneer  work  in  the  construction 
and  operation  of  the  heavier-than-air  machine.  Part  2  is  a  detailed  presenta- 
tion of  the  facts  in  regard  to  the  psychical  requirements  of  those  who  undertake 
to  act  as  pilots,  and  gives  information  as  to  the  methods  of  testing.  The 
numerous  illustrations,  many  of  them  from  photographs,  others  sketches,  aid 
greatly  in  understanding  the  subject.  Among  the  photographs  are  several 
showing  planes  after  fatal  accidents.  In  connection  with  a  picture  of  the 
wreck  of  a  plane  after  falling  500  feet,  it  is  stated  that  only  8  per  cent,  of  such 
accidents  are  due  to  defects  in  machines.  Ninety  per  cent,  are  due  to  defects 
in  pilots.  It  is  also  stated  that  pilots  that  are  physically  disqualified  for  very 
high  flights  can  serve  with  satisfaction  on  bombing  machines,  which  are  usually 
flown  at  comparatively  low  levels. 

A  claim  is  made  that  Germany  was  the  first  country  to  recognize  the  value 
of  the  airplane  in  war,  inasmuch  as  it  is  stated  that  when  the  Wrights  took  their 
biplanes  to  Europe,  the  French,  English  and  Italians  regarded  the  possibilities 
of  flight  only  from  a  "  sporting  "  point  of  view,  but  the  Germans  took  up  at 
once  the  warlike  application  of  the  machine.  Apart  from  the  fact  that  balloons 
had  been  used  for  such  purposes  at  least  as  early  as  the  War  of  Secession, 
it  is  not  true  that  the  ingenuity  of  the  German  had  outdistanced  the  United 
States  for  the  Wrights  did  not  take  their  planes  to  Europe  until  1903,  and 
President  McKinley,  in  1898,  taking  note  of  the  success  with  the  model 
"  aerodrome,"  in  1896,  suggested  to  Langley  that  he  should  take  up  the  con- 
struction of  a  man-carrying  plane,  because  he  (McKinley)  saw  the  "great 
possibilities  of  a  flying  machine  as  an  engine  of  war."  ("  Langey  Memoir  on 
Mechanical  Flight,"  p.  124.) 

Henry  Leffmann. 

CouRS  DE  Chime  a  l'us.\ge  des  etudiaxts  P.  C.  N.  et  S.  P.  C.  N.    By  R.  For- 

crand.  University  of  Montpellier.     2nd  edition,  two  volumes,  8vo,  totalling 

954  pages  of  text.     Tables  of  Contents,  but  no  index.     Paris,  Gauthier- 

Villars  et  Cie.     List  price,  32  francs ;  temporary  rate,  64  francs. 

The  shortcomings  of  this  work  to  which  the  reviewer  deems  it  projier  to 

call  attention  may  be  due  in  part  to  the  stress  and  storm  under  which  it  was 

written,  but  probably  largely  to  the  purpose,  as  avowed,  that  it  is  intended 

for   students   competing    for   special    certificates.     This   latter    condition   will 

always  limit  a  writer's  field. 

So  far  as  the  work  in  general  is  concerned,  it  may  be  said  that  it  contains 
a  good  deal  of  information  within  its  almost  one  thousand  closely  printed 
pages.  About  seventy  pages  of  the  inorganic  portion  are  taken  up  with 
generalities,  most  of  which  material  is  somewhat  similar  to  the  introductory 
matter  of  the  manuals  of  chemistry  half  a  century  ago,  termed  often  "  Chemi- 
cal Physics."  Of  physical  chemistry,  in  the  sense  in  which  the  term  is  under- 
stood to-day,  there  is  but  little.  A  brief  notice  is  given  of  the  phase  rule,  but 
Vol.  189,  Xo.  11 30 — 19 
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the  important  subject  of  hydrogen-ion  concentration  is  not  mentioned.  In 
the  section  of  the  cyclic  compounds,  the  theories  of  benzene  and  of  the  inter- 
esting stereochemistry  of  these  substances  are  not  presented.  The  author 
seems  indeed  to  have  a  strong  feeling  against  reference  to  German  scientific 
works,  for  Kekule  and  Fischer  are  not  mentioned  in  connection  with  the  lines 
of  work  that  they  have  so  brilliantly  illuminated.  In  the  section  of  sugars, 
levulose  is  termed  1-fructose  instead  of  d-fructose.  The  relations  of  colloid 
chemistry  and  catalytic  action,  now  so  important  and  interesting,  are  touched 
but  little.  In  the  classification  of  the  elements,  the  author  uses  the  division 
into  metalloids  and  metals,  though  he  shows  by  several  statements  that  this 
classification  is  unsatisfactory.  A  considerable  part  of  the  second  volume  is 
taken  up  with  methods  of  analysis  and  stoichiometry.  Carbon  and  its  oxides 
are  described  in  connection  with  organic  chemistry,  a  plan  which  seems  to  the 
reviewer  to  be  of  doubtful  value. 

The  lack  of  an  index  is  very  exasperating. 

Henry  Leffmann. 

Mesures  Pratiques  en  Radioactivite.  Par  W.  Makower  et  H.  Geiger, 
Traduit  de  I'Anglais,  par  E.  Philippi.  175  pages,  index  and  contents.  8vo. 
Paris,  Gauthier-Villars  et  Cie.  Price  16  francs. 
This  is  a  translation  of  the  authors'  book  entitled  "Practical  Measurements 
in  Radioactivity"  issued  in  1912.  The  original  is  not  at  hand,  so  comparisons 
cannot  be  made  to  determine  the  accuracy  of  the  translation,  but  inasmuch 
as  both  authors  probably  understand  French,  and  communications  between 
Paris  and  London  are  now  rapid  and  convenient,  it  is  not  likely  that  any  im- 
portant error  has  occurred;  moreover,  the  translation  of  simple  categoric 
statements  such  as  make  up  the  greater  portion  of  a  work  of  this  type  is  not 
difficult.  The  advisability  of  translating  a  book  seven  years  old  (the  preface 
to  the  English  edition  is  dated  1912)  withgut  bringing  the  matter  up  to  date 
is  questionable.  No  attempt  has  been  made  by  the  translator  to  cover  the 
literature  that  has  appeared  since  the  publication  of  the  original,  at  least 
there  is  no  reference  later  than  1912,  and  no  translator's  preface  or  even  any 
note  or  suggestion  by  him.  An  appendix  giving  references  to  dealers  that 
can  furnish  materials  or  apparatus  for  studies  in  radioactivity  contains  six 
names,  of  which  three  are  German  firms.  So  far  as  the  matter  of  the  book 
is  concerned,  it  is  presented  in  a  concise  clear  form,  illustrated  with  numerous 
simple  but  satisfactory  drawings,  and  printed  on  good  paper  and  with 
clear  type. 

Henrv  Leffmann. 
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Cours  de  chimie  a  I'usagc  dcs  ctudiants  P.  C.  N.  ct  S.  P.  C.  N.,  par  R. 
de  Forcrand.  2me  edition,  2  vols.,  illustrations,  8vo.  Paris,  Gauthier-Villars 
et  Cie.,  1918,  1919.     Price  in  paper,  64  francs. 

Mesures  pratiques  en  radioactivite,  par  W.  Makower  et  H.  Geiger.  Traduit 
de  I'Anglais  par  E.  Philippi.  175  pages,  illustrations,  8vo.  Paris,  Gauthier- 
Villars  et  Cie.,  1919.     Price  in  paper,  16  francs. 

Bureau  of  Standards:     Scientific  papers  No,  353.    Variation  in  Direction 
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of  Long  Electromagnetic  Waves,  by  Lieut.  Commander  A.  Hoj't  Taylor  U.  S. 
X.  R.  F.  15  pages,  illustrations,  8vo,  No.  354.  Principles  of  Radio  Trans- 
mission and  Reception  with  Antenna  and  Coil  Aerials,  by  J.  H.  Bellinger, 
Physicist.  61  pages,  illustrations,  8vo,  No.  355.  Determination  of  the  Output 
Characteristics  of  Electron  Tube  Generators,  by  Lewis  M.  Hull,  Assistant 
Physicist.  21  pages,  illustrations,  8vo.  Washington,  Government  Printing 
Office,  1919. 

Bureau  of  Mines:  Bulletin  175,  Experiment  Stations  of  the  Bureau  of 
Mines,  by  Van  H.  Manning.  106  pages,  illustrations,  plates,  8vo.  Monthly 
Statement  of  Coal-Mine  Fatalities  in  the  United  States,  September,  1919,  com- 
piled by  Albert  H.  Fay.  38  pages,  8vo.  Ninth  Annual  Report  of  the  Director 
of  the  Bureau  of  Klines  to  the  Secretary  of  the  Interior  for  the  fiscal  year 
ended  June  30,  1919.  120  pages,  plate,  8vo.  Washington,  Government  Print- 
ing Office,  1919. 

Canada,  Department  of  Alines:  Bulletin  30.  Smelter  Treatment  Rates. 
Report  of  the  Committee  of  Investigation  in  the  Matter  of  Tolls  Charged 
by  the  Consolidated  Mining  and  Smelting  Company  of  Canada,  Limited,  at 
Trail,  British  Columbia,  June,  1919.  45  pages,  diagrams,  8vo.  Ottawa,  King's 
printer,  1919. 

Railroad  Legislation  as  Developed  Up  to  Date,  by  R.  S.  Lovett,  Chairman 
Union  Pacific  System.     24  pages,  Svo.     New  York,  1919. 

Suggestions  of  the  Peace  Treaty  of  IVestphalia  for  the  League  of  Nations, 
by  Arthur  Macdonald.  Reprinted  from  the  Reformed  Church  Review,  No.  4, 
October,  1919.     16  pages,  8vo. 


Walrus  Hide  as  a  Metal  Polisher.  (Brass  JJ^orld,  November, 
1919,  vol.  XV,  Xo.  ir,  p.  326.) — The  Arctic  is  populated  with  herds 
of  walrus,  somewhat  similar  in  appearance  to  the  seal  but  larger. 

The  walrus  runs  from  12  to  15  feet  in  length  and  weighs  be- 
tween 1500  pounds  and  a  ton.  His  tusks  measure  10  or  20  inches 
long.  To-day,  in  addition  to  certain  other  uses,  it  is  found  that 
walrus  leather,  on  account  of  its  tough  fibre  and  extra  thickness,  is 
superior  to  any  other  medium  for  polishing  metals. 

Closely  and  firmly  grained,  the  tough  flexible  fibre  of  this  leather 
will  hold  in  its  meshes  such  materials  as  pumice,  emery,  crocus  and 
other  abrasive  or  polishing  substances.  When  its  own  abrasive 
qualities  are  added  we  have  a  medium  which  will  produce  on  any 
metal  a  clean  and  smooth  surface,  durable  and  brilliant. 

The  hide  of  the  walrus  runs  anywhere  from  J4  to  ij^  inches  in 
thickness.  In  fact,  so  variant  will  a  single  skin  be  that  the  trade  has 
built  up  the  custom  of  quoting  thickness  by  measuring  a  specified 
point  at  the  middle  of  the  back.  But  a  wheel  cut  from  any  part  of  a 
good  skin,  regardless  of  what  the  local  thickness  be,  gives  a  solid 
polishing  surface  of  commensurate  width  and  insures  an  even  fric- 
tion on  any  surface  to  which  it  is  applied.  The  skin  can  also  be  cut 
in  strips  and  mounted  on  wooden  wheels. 

R. 


CURRENT  TOPICS. 


The  Wood  Alcohol  Peril. — Methyl  alcohol  is  found  abundantly 
in  commerce  in  two  forms,  the  crude  "  wood  spirit,"  which  con- 
tains acetone  and  tar  products,  and  the  highly  rectified  form, 
which  contains  no  appreciable  impurities,  except  a  small  propor- 
tion of  water.  The  crude  form  has  a  characteristic  disagreeable 
odor,  and  does  not  seem  likely  to  be  used  as  a  beverage  even  by 
inadvertence,  mucb  less  by  intention.  The  pure  form  has  but 
little  odor  and  mixed  with  water  and  colored  may  be  drunk 
without  warning.  This  form  has  long  been  sold  for  manufactur- 
ing purposes  under,  misleading  names,  such  as  "  Columbian 
spirit  "  and  "  Colonial  spirit,"  the  latter  term  being  especially 
objectional  on  account  of  liability  to  be  confused  with  "  Cologne 
spirit,"  the  most  highly  rectified  form  of  grain  alcohol  commonly 
found  in  commerce.  As  even  the  purified  methyl  alcohol  was 
much  cheaper  than  tax-paid  ethyl  alcohol  under  the  pre-war 
rates  and  was  not  subject  to  Government  control,  the  temptation 
to  use  it  in  many  ])reparations,  such  as  varnishes  and  medicines, 
was  very  great,  and  shortly  after  it  began  to  be  a  commercial 
article  cases  of  poisoning  began  to  occur.  The  earlier  cases  were 
mostly  of  slow  poisoning,  that  is,  due  to  the  drinking  or  inhala- 
tion of  small  amounts  at  frequent  intervals,  and  the  most  promi- 
nent symptom  was  blindness  due  to  organic  changes  in  the  ner- 
vous supply  of  the  eye.  Taken  in  larger  doses  it  acts  as  powerful 
poison,  often  with  fatal  results. 

Attention  has  lately  been  directed  to  the  subject,  owing  to  the 
many  cases  of  acute  poisoning  caused  by  the  substitution  of 
methyl  alcohol  for  ordinary  alcohol,  on  the  part  of  those  who 
have  the  drink  habit.  So  far  the  data  have  been  principally  set 
forth  in  newspaper  accounts  and  the  exact  analytic  results  have 
not  been  available,  but  Dr.  Reid  Hunt,  now  at  the  head  of  the 
Division  of  Pharmacology  at  Harvard  University,  prepared  for 
the  Ainer.  Chcm.  Soc.  Ncxvs  Service  (lUilletin  251)  some  important 
and  interesting  facts.  He  states  that  "wood  alcohol"  has  be- 
come known  as  the  "  American  ])oison  "  on  account  of  the  numer- 
ous cases  that  have  been  rei)orted  in  this  country.  It  was  shown 
in  a  trial  some  years  ago  that  manufacturers  of  flavoring  extracts 
had  been  approached  by  dealers  in  wood  alcohol  and  urged  to 
make  their  preparations  with  it.  The  fact  that  already  at  tliat 
time  the  bottles  bore  the  label  "  poison  "  was  exi)laine(l  as  a  ruse 
to  prevent  the  Government  from  ])lacing  an  internal  re\cnue  tax 
upon  wood  alcohol. 

It  is  interesting  to  note  thai  when  methyl  alcohol  was  first 
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brought  into  general  notice  (many  years  ago),  Dr.  Renjaniin  Ward 
Richardson,  a  prominent  EngHsh  physiologist,  basing  his  opinion 
on  analogies  then  generally  accepted,  stated  that  the  substance 
probably  would  come  into  general  use  as  a  substitute  for  ordi- 
nary alcohol  on  accoimt  of  its  more  transient  effect. 

individuals  differ  considerably  in  their  susceptibility  to  wood 
alcohol ;  some  die  or  become  blind  from  amounts  which  seem 
to  do  no  harm  to  others.  This  is  true,  however,  of  all  poisons. 
Death  or  blindness  has  resulted  from  two  teaspoonfuls  and  one 
or  two  tablespoonfuls  of  the  poison.  Sixty  to  seventy-five  of 
those  taking  four  ounces,  that  is,  a  quarter  of  a  pint  or  half  a 
glassful,  have  died  or  become  permanently  blind.  That  wood 
alcohol  is  properly  placed  in  the  list  of  deadly  poisons  is  evident 
from  the  fact  that  the  mortality  from  arsenic  poisoning  is  only 
fifty  to  seventy-five  per  cent,  and  that  from  mercury  dichloride 
even  less.  Of  a  group  of  130  men  who  drank  a  mixture  of  wood 
and  grain  alcohol  all  but  32  died  or  became  blind. 

Crude  methyl  alcohol  is  one  of  the  ingredients  of  denatured 
grain  alcohol,  and  as  this  article  is  sold  at  less  than  a  dollar  per 
gallon  against  about  eight  times  that  sum  for  beverage  alcohol 
under  present  tax  laws,  the  temptation  to  use  the  impure  liquid 
is  very  great.  It  is  claimed  by  some  that  many  of  the  recent  cases 
of  methyl  alcohol  poisoning  have  been  of  this  type,  but  until  sci- 
entific reports  are  available,  positive  opinion  on  this  point  must  be 
reserved.  A  striking  fact  is  that  in  many  of  the  States  in  which 
prohibition  has  been  established  for  years,  scarcely  any  cases  of 
wood  alcohol  poisoning  have  been  reported. 

In  a  case  of  poisoning  recently  reported  {Jour.  Anicr.  Med. 
Assn.,  January  3,  1920,  p.  25)  a  portion  of  the  liquid  remaining  in 
the  bottle  was  found  to  contain  87  per  cent,  methyl  alcohol. 

H.  L. 

The  Fuel  Problem. — The  dominance  of  oil  as  a  fuel  grows 
apace.  A  very  interesting  review  of  the  question  is  presented  by 
Professor  Chester  L.  Jones,  of  the  faculty  of  the  University  of 
Wisconsin,  but  at  present  Commercial  Attache  to  the  American 
Embassy  at  Madrid.  The  article  entitled  "Caribbean  Petroleum" 
appeared  in  Oil  Xczcs  (December  20,  1919),  and  calls  attention  to 
the  efforts  steadily  pursued  by  the  British  to  secure  control 
of  oil  fields,  and  points  out  that  the  United  States  should  make 
efforts  in  the  same  direction,  and  especially  to  prevent  foreign 
control  of  the  oil  sources  in  the  West  Indies.  Oil-burning  steam- 
ships are  rapidly  replacing  those  using  coal,  and  if  improvements 
in  the  Diesel  engine  continue,  even  steam-driven  ships  may  find 
competition  too  severe.  A  Scotch  ship  with  Diesel  engines  has 
just  been  turned  out.  which,  it  is  estimated,  can  run  from  London 
to  Australia  and  half  way  back  on  one  loading  of  oil.  A  report 
on  the  Lnsitania  some  months  before  it  was  sunk  stated  that  if 
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oil  could  be  used  as  fuel,  ninety  per  cent,  of  the  firemen  could  be 
dropped,  and  it  is  further  stated  that  the  Maurcfania  could  be 
navigated  with  27  firemen  in  the  place  of  over  300  now  employed. 
A  ton  of  oil  takes  five  cubic  feet  of  space  less  than  a  ton  of  coal, 
and  produces  more  steam.  Oil  is  not  subject  to  shifting  in  rough 
weather,  and  the  machinery  ^oes  not  need  any  more  repairing 
than  with  coal.  As  oil  increases  the  ship's  steaming  radius,  the 
maintenance  of  fuel  stations  is  less  exacting. 

In  1907  Great  Britain  and  Russia  made  a  treaty  dividing 
Persia  into  "  sphers  of  influence,"  Rvissia  taking  a  northern  por- 
tion and  Great  Britain  a  southern,  leaving  a  small  middle  area 
for  the  Persians.  The  southern  area,  which  it  seems  has  lately 
been  confirmed  by  a  new  treaty,  contains  the  oil  sources,  and  this 
is,  of  course,  the  secret  of  the  British  action.  Notwithstanding 
Great  Britain's  immense  possessions,  these  include  few  oil  lands, 
and  hence  the  present  activity  of  that  nation. 

Professor  Jones  states  that  all  around  the  Caribbean  area  are 
indications  of  undeveloped  oil  sources,  and  three  are  now  produc- 
ing the  material.  Trinidad  delivered  over  one  million  and  a  half 
barrels  in  1917,  and  a  larger  yield  is  reported  for  1918.  In  \'^ene- 
zuela  an  oil  region  is  developing  around  Lake  Maricaibo.  A 
British  company  has  a  concession  in  Venezuela  covering  over  six 
million  acres. 

In  this  connection  some  statements  that  have  appeared  in  the 
Mexican  Revieiv  (vol.  iii,  1919,  No.  7,  p.  10)  are  interesting.  They 
relate  to  the  business  of  the  Royal  Dutch  Shell,  as  it  is  now 
known  in  the  stock  market.  The  "  Shell  Transport  Company  " 
was  formed  about  twenty  years  ago  with  a  capital  of  nearly 
$10,000,000.  Its  issued  capital  is  now  over  $50,000,000  and  the 
market  value  of  the  shares  is  about  $350,000,000.  About  twelve 
years  ago  the  interests  of  this  company  were  fused  with  the 
Royal  Dutch  Petroleum  Company  and  the  assets  of  both  com- 
panies were  transferred  to  a  British  company  (The  Anglo-Saxon 
Petroleum  Company)  and  a  Dutch  company.  Of  the  shares  60 
per  cent,  are  held  by  the  Royal  Dutch  and  40  per  cent,  by  the  Shell. 
The  properties  of  the  concern  are  in  Dutch  Indies,  Rumania, 
Russia,  Egypt,  Mexico,  Sanawak  and  the  United  States. 

Sir  Marcus  Samuel  is  Chairman  of  the  Shell  Company.  For 
sometime  past  the  comjjany  has  paid  dividends  of  35  per  cent. 
Its  affairs  have  lately  been  much  discussed  in  financial  circles, 
because  of  an  expected  acquisition  of  a  big  interest  in  the  Mexi- 
can Eagle  Oil  Company  which  has  an  issued  capital  of  $25,000,000 
and  declared  last  year  year  a  dividend  of  25  per  cent. 

II.  L. 

A  New  Commercial  Sugar.  (Inforniatioii  Circular,  U.  S.  Dcpt. 
of  y\gricullurc.)— The  sugar  (luestion  has  become  one  of  the  most 
important  phases  in  the  high  cost  of  li\'ing.     Not  only  is  the  i)ricc 
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high,  but  the  supply  seems  to  be  far  below  the  requirements  of 
the  people.  The  United  States  has  for  many  years  had  the  largest 
consumption  among  all  countries,  the  ratio  being  usually  over  80 
pounds  per  capita.  Starch-sugar  has  been  manufactured  in  large 
amount  as  a  substitute  for  sucrose,  but  has  not  been  entirely 
satisfactory  for  some  of  the  important  table  uses.  The  U.  S. 
Department  of  Agriculture  has  been  for  some  time  investigating 
proposed  substitute  sugars  and  has  found  the  promising  one  to  be 
maltose,  that  is.  the  sugar  of  malt.  Malt  is  sprouted  grain,  in 
which  the  starch  has  been  more  or  less  converted  into  a  sugar 
having  the  same  chemical  composition  as  cane  sugar,  but  not 
identical  with  it.  It  has  long  been  known  but  only  recently  has  it 
been  considered  for  specific  manufacture  on  the  large  scale.  Two 
factors  have  contributed  to  this  result.  The  establishment  of 
national  prohibition  will  allow  a  considerable  volume  of  grain 
that  would  otherwise  be  fermented  to  be  utilized,  and  the  plants 
necessary  for  the  manufacture  of  the  sugar  will  be  already  in 
part  at  hand  in  the  breweries  that  will  be  no  longer  used  for 
making  malt  liquors.  All  the  important  cereals  can  be  used  in 
the  process.  The  principal  installation  that  breweries  will  need 
will  be  vacuum  evaporating  pans,  which  are  well-known  forms 
of  apparatus.  Malt  syrup  has  much  resemblance  to  maple  syrup, 
its  use  on  the  table  may  not  be  as  convenient  as  common  sugar, 
but  it  is  an  excellent  substitute,  as  it  has  the  same  caloric  value. 
For  cooking  and  baking  purposes,  and  for  some  forms  of  candy, 
it  is  in  some  respects  superior  to  the  common  form.  It  is  now 
being  used  largely  in  baking  and  soft-drink  plants.  It  is  now 
quoted  in  recent  papers  about  9  cents  per  pound  in  large  lots. 
As  yet,  owing  to  the  absence  of  any  appreciable  demand  from 
housewives,  grocers  are  not  carrying  the  article,  but  it  is  likely 
that  as  its  merits  become  widely  known  it  will  be  as  familiar  as 
corn  syrup. 

Although  the  present  propaganda  is  principally  due  to  the 
cane  sugar  shortage,  yet  the  new  sugar  is  likely  to  find  wide  use 
in  many  ways,  even  in  the  household,  as  it  is  an  excellent,  whole- 
some syrup  of  delicious  flavor.  H.  L. 

Academic  Royale  de  Belgique.  (Bulletin  dc  la  Classe  des  Sci- 
ences, igKj,  No.  I.) — This,  the  first  number  published  after  the  re- 
treat of  the  Huns  from  Belgium,  fairly  throbs  with  historic  interest. 
At  the  meeting  of  January  4,  1919,  in  Brussels,  the  Director  for 
1914,  M.  P.  Pelseneer,  said  in  his  address:  "  Since  the  last  time  we 
were  assembled  events  of  unparalleled  gravity  have  come  to  pass. 
In  contempt  of  treaties  a  nation  claiming  to  be  civilized  attacked 
without  motive  a  little  people,  both  peaceful,  and  inoffensive,  of 
whose  neutrality  it  was  a  guarantor.  Entire  regions  have  been 
sacked,  civil  populations  have  been  massacred,  cities  have  been  de- 
stroyed or  set  on  fire  with  their  treasures  of  art  or  ancient  libraries, 
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thousands  of  families  are  in  mourning."  He  pays  tribute  later  to 
"  our  powerful  Allies  who  fought  at  our  side  for  the  same  ideal." 

In  the  correspondence  is  a  communication  from  the  University 
of  Ghent  to  foreign  universities  directing  their  attention  to  the  work 
of  destruction  carried  on  in  that  city  by  the  agents  of  Prussian 
militarism  aided  by  official  representatives  of  learned  Germany. 

A  "  Brief  Report  on  the  Condition  of  the  Palace  of  the  Acade- 
mies after  the  Departure  of  the  Germans  "  throws  vivid  light  on  the 
Kultur  of  the  invaders.  A  caretaker  entered  this  building  in  Brussels 
a  few  days  after  the  Armistice  and  was  met  by  an  overpoweringly 
vile  smell.  Two  decomposing  human  bodies  were  found  in  the  base- 
ment. The  secretary  describes  his  first  visit  to  the  former  seat  of 
the  Academy  of  Sciences  on  November  i8,  1918.  "  With  some  of 
my  employes  I  made  a  rapid  visit  with  nose  and  mouth  covered  by 
protecting  material.  A  dreadful  stench  reigned  everywhere.  Neither 
pen  nor  pencil  can  give  an  idea  of  the  abominable  scene  our  rooms 
presented.  From  the  very  door  of  the  vestibule  of  the  left  wing  we 
had  to  hunt  for  places  to  put  our  feet  in  order  to  avoid  stepping  in 
excrement.  Everywhere  was  the  same  filth,  the  same  disorder,  the 
same  destruction — broken  panes  in  the  windows,  the  bronze  and 
copper  parts  of  doors  carried  off.  The  libraries  were  topsy-turvy ; 
there  were  many  gaps  on  the  shelves." 

An  official  pig-pen  was  found  in  the  garden.  It  is  not  known 
what  kind  of  shame  hindered  the  Germans  from  lodging  its  inmates 
in  the  interior  of  the  Palace,  an  act  which  would  hardly  have 
changed  the  appearance  of  the  latter.  The  products,  however,  of 
the  piggery  were  found  as  hams  and  pieces  of  bacon  in  the  chamber 
of  the  Royal  Historical  Commission,  which  was  transformed  into  a 
butcher  shop. 

A  series  of  a  dozen  reproductions  of  photographs  displays  in 
lasting  form  to  the  scientists  of  the  present  and  of  the  future  the 
condition  of  the  various  rooms  of  the  Palace.  The  "  Salle  ameri- 
caine  "  containing  the  publications  of  the  learned  societies  of  the 
United  States  was  completely  emptied.  The  books  which  were 
dumped  in  the  attic  are  gone. 

In  its  last  pages  the  bulletin  reverts  to  its  pre-war  scientific 
aspect  where  is  found  a  discussion  of  certain  algebraic  curves  by 
M.  M.  Stuyvaert.  ^  P  g 
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E.  W.  DEAN,  Ph.D., 

Petroleum  Chemist,  Bureau  of  Mines,  Pittsburgh,  Pa. 
INTRODUCTION. 

One  of  the  important  factors  in  our  present  system  of  trans- 
portation is  the  use  of  vehicles  propelled  by  internal  combustion 
motors.  The  use  of  automobiles  and  motor  trucks  has  developed 
to  such  a  stage  that  they  may  be  regarded  as  practically  indispen- 
sable and  people  in  general  are  looking  forward  to  wider  use  of 
this  type  of  mobile  equipment  rather  than  anything  in  the  line 
of  restriction.  The  fuel  upon  which  these  motors  are  dependent 
is,  however,  one  that  is  obtained  from  a  raw  material  which  is 
drawn  from  comparatively  limited  natural  resources. 

The  term  "  motor  fuel  "  is  a  broad  one  designed  to  include 
a  wide  range  of  products  capable  of  furnishing  power  in  internal 
combustion  engines.  At  the  present  time,  however,  "  motor  fuel  " 
actually  means  gasoline,  a  product  principally  derived  from  crude 
petroleum.  The  production  of  crude  oil  has  increased  steadily 
throughout  the  period  of  years  during  which  the  automotive 
industry  has  been  developed,  but  the  rate  of  increase  has  been 
relatively  small.  The  production  of  gasoline  has  increased  much 
more  rapidly  than  the  production  of  crude  oil,  but  even  this 
has  not  been  comparable  with  the  growth  of  the  use  of  motor- 

*  Presented  at  a  meeting  of  the  Section  of  Physics  and  Chemistry  held 
Thursday,  December  ii,  1919. 

(Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.1 
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propelled  vehicles.  Consequently  a  real  problem  exists  in  the 
matter  of  conservation  of  petroleum-derived  motor  fuel  and 
the  Bureau  of  Mines  is  endeavoring  to  promote  measures  favor- 
able to  more  efficient  production  and  is  also  working  indirectly 
toward  the  development  of  satisfactory  substitutes  to  be  used  in 
place  of  the  present  types  of  gasoline. 

The  present  paper  does  not  attempt  to  furnish  an  adequate 
discussion  of  this  problem  nor  is  it  devoted  particularly  to  desir- 
jable  measures  in  the  direction  of  conservation.  The  object  has 
been  to  provide  information  of  general  interest  concerning  the 
present  motor  fuel  situation  with  the  hope  that  sufficient  interest 
will  be  aroused  to  aid  in  supporting  measures  necessary  for  the 
more  efficient  utilization  of  one  of  the  nation's  most  import- 
ant resources.^ 

SCOPE   OF   THE   PRESENT   PAPER. 

The  material  included  in  the  present  paper  has  been  divided 
under  four  general  heads  which  are  treated  in  the  order  stated. 

First,  information  regarding  the  production  and  use  of 
gasoline. 

Second,  information  regarding  the  marketing  of  gasoline. 

Third,  information  regarding  the  physical  and  chemical 
properties  of  gasoline  and  the  quality  of  the  products  marketed  in 
the  calendar  years  1917  and  1919. 

Fourth,  information  regarding  present  tendencies  in  the  de- 
velopment of  substitutes  for  gasoline. 

PRODUCTION  AND   USE   OF  GASOLINE. 

Before  discussing  the  production  of  gasoline  it  seems  neces- 
sary to  attempt  some  sort  of  a  definition.  This  is  not  an  easy 
task  and  the  following  statement,  taken  from  the  1916  Webster 
Dictionary,  is  hardly  adequate  for  present  purposes:  "  Gasoline; 
a  volatile,  inflammable  liquid  used  as  a  solvent  for  oils,  fats,  etc., 
as  a  carburetant  and  to  produce  heat  and  motive  power."  The 
author  is  venturing  the  following  definition  as  covering  the  present 
understanding  of  the  word :  "  Gasoline  is  an  inflammable,  rela- 
tively volatile  liquid,  derived  from  crude  petroleum  or  similar  in 

'  The  material  included  in  the  present  paper  has  in  lar^c  part  been  taken 
from  the  manuscript  of  a  bulletin  by  H.  H.  Hill  and  E.  W.  Dean  which  is 
to  be  i)rintcd  at  an  early  date. 
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properties  to  petroleum  derivatives,  and  containing  a  suffi- 
cient proportion  of  low-boiling  constituents  to  permit  the  start- 
ing of  an  internal  combustion  motor  under  moderately 
unfavorable  conditions." 

The  principal  reason  for  venturing  this  definition  is  to  permit 
the  making  of  a  distinction  between  the  words  "  gasoline  "  and 
"  naphtha."  Naphtha  is  a  petroleum  product  that  is  generally, 
though  not  invariably,  less  volatile  than  gasoline  but  which  is 
chiefly  distinguished  by  a  lower  content  of  low-boiling  fractions. 
In  other  words,  naphtha  is  gasoline  minus  the  major  portion  of 
fractions  distilling  below  the  boiling  point  of  water. 

METHODS  BY  WHICH  GASOLINE  IS  PRODUCED. 

"  Straight  Refinery  "  Process. 

The  oldest,  and  even  at  present  the  most  important,  method 
of  producing  gasoline  is  one  involving  distillation  from  crude 
petroleum.  This  method  is  frequently  called  the  "  straight  re- 
finery "  process  and  gasoline  produced  by  it  is  termed  "  straight 
refinery  "  or  "  straight  run  "  gasoline.  The  basic  process  is  that 
of  fractional  distillation,  which  involves  .separation  of  products 
having  dififerent  ranges  of  boiling  points.  The  process,  as  con- 
ducted in  commercial  practice,  varies  in  a  great  many  details  and 
a  discussion  of  these  variations  is  beyond  the  scope  of  the  present 
paper.  The  following  brief  description  covers  perhaps  the  most 
common  general  procedure : 

Crude  oil  is  distilled  in  cylindrical,  horizontal  stills  which  are 
heated  either  by  coal  or  oil.  The  vapors  pass  through  condensers 
and  the  liquid  products  are  run  into  receiving  tanks.  Figure  i 
shows  a  battery  of  crude  stills  with  condensers  and  receiv- 
ing tanks. - 

The  products  separated  from  the  crude  oil  by  this  primary 
distillation  is  in  the  refinery  generally  called  "  crude  naphtha  "  or 
"  crude  benzine."  The  next  process  of  treatment  is  usually  a 
chemical  one  which  is  principally  intended  to  improve  the  color 
and  odor  of  the  product.  Crude  naphtha  is  pumped  into  lead-lined 
agitators  and  is  there  treated,  first  with  sulphuric  acid,  then  with 
caustic  soda  solution,  and  finally  with  water.     The  stirring  is 

'  The  type  of  still  represented  in  this  illustration  lacks  the  fractionating 
column  employed  in  some  of  the  more  recent  installations. 
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SoLithcrn  Uil  Corporation,  Yale, Oklahoma.    Crude  oil  stills,  condensers  and  receiving  tanks. 

Fig.  2. 


SoulhcTii  <iil  '  liri'icli'in,  \:t\v,  Oklahoma.    Agitators  for  chemical  treatment  of  Kasoline. 
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usually  accomplished  by  blowing  air  in  at  the  bottom  of  the 
agitator  tank.  Figure  2  shows  three  agitator  tanks  of  this  type.^ 
The  final  process  in  the  refining  of  gasoline  is  a  redistillation 
of  the  chemically  treated  crude  naphtha.  This  distillation  is  gener- 
ally carried  out  in  so-called  steam  stills.  Steam  stills  sometimes 
are  heated  entirely  by  closed  steam  coils,  sometimes  partly  by 
fire  while  live  steam  is  blown  through  the  hot  liquid.     Steam  stills 

Fig.  3. 


Cosden  and  Company,  Tulsa,  Oklahoma.    Steam  stills  for  redistillation  of  gasoline. 

are  generally,  though  not  invariably,  equipped  with  fractionating 
towers  and  are  often  operated  in  batteries  which  permit  continuous 
rather  than  "  batch  "  distillation.  Figure  3  shows  in  the  fore- 
ground steam  stills  of  the  type  in  which  heat  is  supplied  by  closed 
steam  coils.  It  will  be  observed  that  these  stills  are  equipped  with 
large  fractionating  columns. 

The  properties  of  the  gasoline  produced  by  the  straight  refinery 

*  Another  type  less  commonly  used  involves  the  so-called  continuous  proc- 
ess in  which  crude  naphtha  passes  through  tanks  containing  respectively 
acid,  water,  alkali,  and  water.  The  continuous  method  has  some  advantages 
but  according  to  the  writer's  observation  is  less  extensively  employed  than  the 
non-continuous  type  involving  stirring  by  means  of  air. 
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process  are  subject  to  considerable  variation  and  are  controlled 
in  part  by  the  physical  and  chemical  nature  of  the  crude  oil  from 
which  it  is  derived  and  in  part  by  the  procedure  employed  in  the 
refinery.  Straight  refinery  gasoline  is  composed  chiefly  of  so- 
called  saturated  hydrocarbons,  that  is.  hydrocarbons  which  are 
not  chemically  active.  Most  of  the  chemically  active  products 
which  may  be  present  in  the  crude  naphtha  from  the  primary 

Fig.  4. 


Carter  Oil  Company,  Sistcrsville,  West  Virginia.    <■  asinKhiad  gasoline  compression  plant. 


distillation  arc  removed  by  chemical  treatment  with  sulphuric  acid. 
The  property  chiefly  controlled  by  the  refining  jirocess  is  the  "  end 
point  "  or  upper  boiling  limit  of  the  gasoline,  which  is  fixed  so  as 
to  separate  the  more  volatile  fractions  from  those  generally  mar- 
keted as  kerosene  or  Irunp  oil. 

"  Casing-Jicad  "  Casoliiic  f^rocrss. 

A  considerable  proportion  of  the  present  supply  of  motor 
gasoline  is  derived  not  from  crude  petroleum  but  from  natural 
gas.  Gasoline  from  this  source  is  commonly  called  "  casing-head 
gasoline,"  due  to  the  fact  that  before  its  commercial  separation 
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was  in  vogiie  it  was  discovered  as  a  condensate  around  the  heads 
of  well  casings.  Natural  gas  frequently  contains  appreciable 
quantities  of  liquid  hydrocarbons  which,  although  of  relatively 
low-boiling  point,  can  be  readily  separated.  Two  types  of  process 
to  effect  this  separation  are  in  general  vogue,  the  older,  and  per- 
haps still  the  more  important,  being  the  so-called  compression 
process.  This  process  is  usually  operated  according  to  the  follow- 
ing general  scheme :  Natural  gas  is  compressed  under  a  moderate 
pressure  and  then  cooled.  Subsequently  it  passes  through  a  sec- 
ond set  of  pumps  which  brings  it  up  to  a  high  pressure.  Cooling 
after  this  second  compression  effects  separation  of  the  liquid 
hydrocarbons.  This  type  of  process  is  used  only  for  natural  gas 
of  relatively  high  gasoline  content.  Figure  4  represents  a  plant 
operating  the  compression  process.  Most  of  the  equipment  is 
inclosed  and  cannot  be  observed,  but  the  cooling  coils  appear 
in  the  foreground. 

The  other  process  is  the  absorption  type  which  involves  wash- 
ing the  natural  gas  with  either  a  heavy  naphtha  or  a  high-boiling 
petroleum  oil,  thereby  dissolving  out  the  bulk  of  the  liquid  hydro- 
carbons. When  naphtha  is  used  as  the  absorbent  a  product  is 
obtained  from  the  absorption  towers  that  is  usually  marketed  with- 
out subsequent  treatment.  If  a  more  efficient  absorbent  such  as 
so-called  straw  oil  or  mineral  seal  oil  is  employed,  the  casing  head 
gasoline  must  be  separated  by  distillation.  Figure  5  shows  one 
of  the  first  of  the  plants  operating  the  absorption  process. 

Casing-head  gasoline  produced  by  the  compression  process  is 
somewhat  more  volatile  than  that  produced  by  the  absorption 
process,  but  either  product  has  too  high  a  vapor  pressure  to  permit 
safe  handling  or  transportation.*  The  usual  practice  is  to  blend 
this  gasoline  either  with  naphtha  or  with  high  end  point  gasoline, 
after  which  it  can  l)e  shipped  and  handled  with  a  reasonable  degree 
of  safety.  Casing-head  gasoline  blends  were  unfavorably  re- 
garded by  users  when  first  put  on  the  market,  but  this  was  due 
more  largely  to  improper  methods  of  blending  them  than  to  any 
inherent  bad  qualities  of  the  product.  The  blended  casing-head 
gasoline  now  marketed  is  probably  rather  more  satisfactory  in 
use  than  the  so-called  straight  refinery  gasoline  of  equivalent 
average  boiling  point,  this  on  account  of  its  greater  ease  in  starting 

*  The  Interstate  Commerce  Commission  has  issued  regulation  specifying 
the  maximum  allowable  vapor  pressure  for  gasoline. 


276 


E.  W.  Dean. 


[J.  F.  I. 


a  cold  motor.  Statistics  have  shown  that  approximately  lo  per 
cent,  of  the  nation's  supply  of  gasoline  is  of  the  casing-head 
variety  and  due  to  the  necessity  and  desirability  of  blending  with 
less  volatile  petroleum  distillates  it  is  probable  that  the  proportion 

Fig.  5. 


Ohio  Inul  Supply  (Company.  Homer,  Ohio.    Casinghead  gasoline  absorption  plant. 

of  marketed  gasoline,  containing  products  from  natural  gas,  is 
several  times  this  figure. 

Cracking  Processes. 
Another  recently  developed  method  of  producing  gasoline  is 
the  so-called  cracking  process  which  has  received  a  considerable 
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amount  of  publicity  during  the  past  few  years.  The  basic  prin- 
ciple of  the  cracking  process  is  one  with  which  all  chemists  are 
familiar,  namely,  that  if  organic  compounds  are  heated  at  suffi- 
ciently high  temperature  they  decompose  with  the  formation  of 
other  compounds,  a  large  percentage  of  which  are  of  smaller 
molecular  weight  and  lower  boiling  point.  The  cracking  process 
has  been  used  in  the  petroleum  industry  since  the  early  days  of 
its  development,  chiefly  for  the  production  of  kerosene  from  the 
higher  boiling  fractions  usually  classed  as  fuel  oil.  This  older 
process  was  conducted  at  atmospheric  pressure.  It  appeared, 
however,  that  satisfactory  yields  of  gasoline  could  not  be  obtained 
under  these  conditions  as  the  hydrocarbons  from  which  it  is 
derived  tended  to  vaporize  before  decomposing.  In  order  to 
produce  gasoline  by  the  cracking  process  it  is  necessary  to  maintain 
the  distillation  system  under  pressure,  thereby  permitting  the 
attainment  of  a  high  temperature  before  vaporization  occurs. 
Cracking  has  also  been  effected  by  the  scheme  of  passing  liquid 
or  vaporized  oil  through  superheated  tubes.  Numerous  types  of 
gasoline-cracking  processes  have  been  developed,  some  of  the 
pressure-distillation  type,  others  of  the  tube  type.  At  present 
the  pressure-distillation  type  is  the  only  one  that  has  been  developed 
on  an  important  commercial  scale.  The  process  most  commonly 
used  is  that  of  Burton,  which  was  developed  by  the  Standard 
Oil  Company  of  Indiana  and  which  is  operated  by  this  company 
and  by  various  others,  mostly  of  the  Standard  group. 

Figures  now  available  have  indicated  that  approximately  10 
per  cent,  of  the  nation's  supply  of  motor  fuel  is  derived  from 
cracking  processes.  Cracked  gasoline  is  similar  to  straight-run 
gasoline  as  regards  physical  properties,  but  there  is  an  essential 
chemical  difference  due  to  the  fact  that  the  cracking  reaction 
produces  a  considerable  percentage  of  olefin  or  unsaturated  hydro- 
carbons. The  content  of  these  hydrocarbons  is  commonly  esti- 
mated by  observing  the  percentage  of  the  gasoline  absorbed  by 
ordinary  concentrated  sulphuric  acid.  This  does  not  accurately 
measure  the  content  of  olefins,  but  for  general  purposes,  however, 
the  term  "  percentage  of  unsaturation,"  meaning  percentage  ab- 
sorbed by  sulphuric  acid,  is  a  convenient  one  to  use.  Untreated 
cracked  distillates  may  have  "  percentages  of  unsaturation  "  as 
high  as  40  per  cent.,  a  more  usual  figure,  however,  being  20  to  25 
per  cent.     Cracked  gasoline  is  usually  marketed  in  the  form  of 
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mixtures  with  straight  refinery  and  casing-head  gasohne,  these 
mixtures  rarely  being  more  than  12  per  cent,  unsaturated,  which 
indicates  that  the  products  of  the  cracking  reaction  are  blended 
with  at  least  an  equal  amount  of  casing-head  or  straight-re- 
finery gasoline. 

Figure  6  shows  a  battery  of  Burton  stills.     These  stills  are 
distinguished  from  the  more  common  types  of  refinery  equipment 

Fig.  6. 


Standard  Oil  Company  ot  Kentucky,  Louisville.  Kentucky.    Burton  gasoline  crackiny  stills. 

Ijy  the  fact  that  they  are  operated  under  pressure  and  tiiat  they 
are  equipped  with  special  types  of  fractionating  towers. 


STATISTICS  REGARDING   THE    PRODUCTION   AND   USE   OF   GASOLINE. 

Statistical  .information  is  frequently  uninteresting  and  unless 
figures  arc  carefully  interpreted  it  may  be  misleading.  As  regards 
the  production  and  use  of  gasoline,  however,  the  information 
now  available  is  so  definite  and  impressive  that  misunderstanding 
is  practically  impossible.  In  the  present  connection  it  is  interesting 
to  present  data  regarding  the  magnitude  of  the  nation's  produc- 
tion and  consumption  of  gasoline,  the  relation  U'tween  production 
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of  gasoline  and  production  of  crude  oil,  which  is  the  principle  raw 
material  from  which  it  is  derived,  and  the  relation  between  pro- 
duction of  gasoline  and  the  magnitude  of  the  most  important 
outlet  of  consumption,  which  is  the  automotive  engine.  It  is  also 
interesting  to  note  certain  seasonal  factors  which  have  to  do  with 
the  production,  consumption  and  storage  of  gasoline. 

Table  I. 

Showing  Increases   in   the   Annual  Production   of 
Gasoline  in  the   United  States. 


Year 

Production  of  gasoline 

Barrels 

Gallons 

1909 

I916 

1917 

1918 

12,900,000 
49,020,967 

67,870,153 
85,007,451 

541,800,000 
2,058,880,614 
2,850,546,426 
3,570,312,942 

The  increase  in  production  of  gasoline  during  the  last  few 
years  is  shown  by  the  figures  in  Table  I. 

Assuming  that  the  average  refinery  price  of  gasoline  during 
the  year  19 18  was  18  cents  per  gallon,  it  appears  that  the  total 
value  of  the  year's  production  of  motor  fuel  is  approxi- 
mately $650,000,000. 

An  interesting  relation  may  be  observed  by  comparing  the  in- 
crease in  production  of  crude  petroleum  and  gasoline  and  the 
increase  in  number  of  cars  and  trucks  in  use  in  the  country. 
Figure  7  represents  these  increases  on  a  percentage  basis,  the 
1909  figures  being  regarded  in  each  case  as  the  basic  ones.  It 
will  be  noted  that  during  the  lo-year  period  the  production  of 
crude  oil  from  wells  in  the  United  States  increased  by  about  95 
per  cent.,  the  production  of  gasoline  by  approximately  560  per 
cent,  and  the  number  of  cars  in  service  by  over  1700  per  cent. 
These  figures  bring  out  certain  important  facts.  The  production 
of  gasoline  has  increased  at  a  notably  greater  rate  than  has  the 
production  of  crude  oil.  In  1909  the  yield  of  gasoline  from  the 
crude  refined  was  10.7  per  cent.,  whereas  in  19 19  the  yield  was  26.1 
per  cent.  This  increase  in  the  relative  amount  of  gasoline  pro- 
duced from  the  crude  is  accounted  for  in  several  ways.  In  the 
first  place,   the  distillation  range  of  gasoline  has  been  notably 


Fig.  7. 
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changed,  products  now  on  the  market  being  of  considerably 
higher  average  boiUng  point  than  those  in  1909.  The  production 
of  casing-head  gasohne  and  the  use  of  cracking  processes  have 
been  important  factors  in  increasing  the  apparent  yield  of  gaso- 
line from  crude  oil.  In  addition  there  undoubtedly  have  been 
increases  in  the  efficiency  of  the  conventional  types  of  refinery 
equipment  such  as  crude  stills  and  steam  stills.  It  may  be  noted, 
also,  that  the  average  quality  of  the  crude  oil  produced  in  the 
country  has  probably  improved  as  regards  gasoline  content.  It 
is  a  question  as  to  how  near  the  present  percentage  of  gasoline 
production  per  unit  quantity  of  crude  oil  approaches  the  maximum 
that  is  commercially  practical.  It  is  impossible  to  make  predic- 
tions regarding  the  future  quality  of  crude  oil.  As  regards  effi- 
ciency of  refiner}-  equipment,  it  has  been  estimated  that  this  may 
be  improved  on  the  average  by  a  maximum  not  over  10  per  cent. 
The  production  of  casing-head  gasoline  undoubtedly  has  not 
reached  a  maximum  but  here  again  it  is  difficult  to  attempt  an 
estimate.  The  use  of  cracking  processes  certainly  has  fiot  de- 
veloped to  the  maximum  possible  extent  and  the  author  has  in  the 
past  ventured  to  predict  that  the  quantity  of  gasoline  produced 
from  the  crude  could,  if  desired,  be  practically  doubled  if  maxi- 
mum use  w'ere  made  of  this  means  of  production.  These  estimates 
have  not  been  strenuously  contradicted  but  the  author  is  frank 
to  admit  that  his  own  optimism  has  decreased  considerably  since 
they  were  oft'ered.  It  is  still  believed  that  the  use  of  cracking 
processes  could  double  the  production  of  gasoline,  but  it  appears 
that  this  is  not  likely  ever  to  be  accomplished  as  there  is  a  marked 
tendency  for  increases  in  the  use  of  fuel  oil,  which  is  the  product 
that  must  necessarily  be  sacrificed  in  case  maximum  production  of 
gasoline  is  attained  through  cracking.  It  is  now  believed  that 
the  chief  limiting  factor  for  the  use  of  cracking  processes  is  likely 
to  be  the  df  mand  for  fuel  oil.  As  regards  further  increases  in  the 
end  point  of  gasoline,  considerable  doubt  exists.  Many  authorities 
in  the  automotive  industry  claim  that  the  present  limits  are  too 
high,  although  this  probably  means  that  they  are  too  high  for  the 
types  of  engines  that  can  and  will  be  developed  in  the  reasonably 
near  future.  The  present  considerable  demand  for  kerosene  indi- 
cates, moreover,  that  further  changes  in  the  quality  of  gasoline 
are  not  likely  to  occur  in  the  immediate  future  as  raising  the  end 
point  of  gasoline  inevitably  decreases  the  production  of  kerosene. 
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The  fact  that  the  number  of  cars  in  service  has  increased 
approximately  three  times  as  much  as  the  production  of  gasohne 
is  a  fact  meriting  serious  consideration.  Although  exact  data  on 
this  point  are  not  available,  it  is  not  believed  that  the  average 
consumption  of  gasoline  per  car  has  notably  decreased.  The 
obvious  inference  is  that  in  1909  the  percentage  of  gasoline  used 
by  automotive  vehicles  was  considerably  smaller  than  the  percent- 
age so  used  in  1918.  Inasmuch  as  the  use  of  gasoline  and  naphtha 
for  other  purposes  than  internal  combustion  engines  is  increasing 
rather  than  decreasing,  it  is  entirely  reasonable  to  believe  that  at 
no  very  distant  time  the  demand  for  gasoline  is  likely  to  exceed 
the  supply  unless  the  producers  of  gasoline  add  to  their  already 
considerable  accomplishments  in  production,  or  unless  the  fuel 
efficiency  of  automotive  equipment  is  considerably  improved.  It 
is  realized  that  the  production  of  gasoline  during  the  present 
calendar  year  (1919)  has  been  slightly  in  excess  of  consumption, 
but  this  is  readily  accounted  for  by  the  fact  that  the  petroleum 
industry  increased  its  volume  of  production  during  the  war, 
whereas  the  manufacturers  of  automobiles  and  trucks  have  not 
yet  gotten  back  to  pre-war  operating  efficiency. 

Aside  from  statistical  evidence  indicating  the  necessity  of 
conservation,  it  is  interesting  to  observe  certain  facts  regarding  the 
seasonal  variations  in  production,  consumption  and  storage  of 
gasoline.  Figure  8  is  of  interest,  although  it  may  be  noted  that 
the  facts  most  clearly  brought  out  are  not  those  indicative  of  nor- 
mal tendencies.  As  regards  the  production  of  gasoline  it  may  be 
observed  that  there  is  a  slight  seasonal  fluctuation,  refineries 
working  at  greater  efficiency  during  the  summer  than  during  the 
winter  months.  The  consumption  of  gasoline  varies  notably,  due 
to  the  fact  that  automobiles  and  trucks  are  less  extensively  used 
in  cold  than  in  warm  weather.  The  quantities  of  gasoline  stored 
naturally  vary  in  the  opposite  direction,  the  stocks  at  the  refineries 
increasing  during  the  winter  months  and  decreasing  during  the 
warm  weather.  The  curves  in  Figure  8  illustrate  the  general 
tendencies,  although  there  are  certain  fluctuations  in  the  maxima 
and  minima  which  were  caused  by  war-time  conditions.  It  is  of 
particular  interest  to  note  that  stocks  of  gasoline  reached  an 
abnormally  low  mark  during  the  late  summer  and  early  fall  of 
191 8,  there  being  at  this  time  less  than  one  month's  supply  of 
gasoline  in  reserve.     This  condition  was  what  caused  the  rcgula- 
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tion  prohibiting  the  use  of  motor  vehicles  on  Sundays  during  a 
period  of  several  weeks.  It  may  be  observed  that  although  the 
consumption  of  gasoline  in  September,  19 18,  was  less  than  that 
of  August,  which  is  normal,  the  consumption  in  September  was 
also  less  than  that  in  October,  which  is  unusual.     As  regards 


Fig.  8. 
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YEAR    AND  MONTH. 

Showing   stocks,  refinery   production,  and  domestic  consumption   of   gasoline  for   the   period. 
July,  19:7.  to  July.  1919.  inclusive. 


the  curve  indicating  quantities  of  gasoline  in  storage,  it  is  inter- 
esting to  observe  an  unusual  situation  for  the  present  year. 
Maximum  stocks  of  gasoline  are  usually  in  storage  in  the  early 
spring,  which  was  the  case  in  191 8.  In  19 19  a  maximum  was  not 
reached  until  May  and  no  important  decrease  in  stocks  occurred 
until  July.  In  July  of  1917  and  July  of  1918  stocks  were  at  a 
considerably  lower  level  than  in  July.  1919. 
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MARKETING   OF   GASOLINE. 


The  marketing  of  gasoline  is  a  subject  that  is  of  particular 
interest  but  does  not,  however,  permit  satisfactory  discussion  by  a 
chemist.  The  following  observations  are  presented  with  a  certain 
degree  of  qualification.  The  author  feels  that  the  basic  data  are 
reliable  but  does  not  guarantee  his  interpretation  in  all  cases. 
Gasoline  marketing  practice  obviously  is  not  controlled  by  any 
simple  physical  and  chemical  laws  and  any  general  tendencies  that 
may  be  noted  are  principally  emphasized  by  exceptions. 

The  marketing  of  gasoline  generally  involves  jobbing  and 
retailing  organizations  which  handle  the  product  after  it  is  deliv- 
ered by  the  producer.  In  some  cases  the  three  organizations — 
producing,  jobbing  and  retailing — are  entirely  distinct,  in  others 
they  are  controlled  and  operated  by  a  single  company.  Likewise, 
there  are  cases  where  two  of  the  organizations  are  under  the  same 
general  control  and  the  other  is  separate.  As  a  general  rule 
competition  in  the  retail  end  of  the  business  is  practically  unre- 
stricted, producing  and  jobbing  companies  selling  gasoline  freely 
to  independent  competing  organizations.  There  are  certain  excep- 
tions to  this  and  it  may  be  noted  that  in  several  cities  in  the 
Middle  West  the  retail  price  is  the  same  as  the  jobbers'  price, 
which  eliminates  any  profit  for  the  independent  retailer  who  tries 
to  meet  the  general  figure  for  the  locality.  This  is  not,  however, 
a  particularly  serious  matter  as  the  retailer's  profit  is  always  small 
and  frequently  does  not  cover  losses  and  the  cost  of  handling. 
The  usual  margin  is  two  or  three  cents  a  gallon,  which  is  about 
lo  per  cent,  of  the  selling  price.  In  general  the  small  retailer 
handles  gasoline  chiefly  for  the  purpose  of  attracting  or  retaining 
customers  who  purchase  other  commodities  yielding  a  larger 
margin  of  profit.  The  larger  filling  stations  probably  make  a 
fair  profit  on  gasoline,  although  even  here  it  is  safe  to  assume 
that  the  really  profitable  branch  of  business  is  the  sale  of  lubricat- 
ing oil  and  occasionally  other  automobile  accessories.  It  may  also 
be  mentioned  that  the  system  of  retail  distribution  of  gasoline  is 
very  highly  organized  and  that  customers  receive  service  which 
is  claimed  to  be  the  best  maintained  in  any  line  of  business.  The 
author  is  frank  to  admit  that  with  the  possible  exception  of 
tobacco  he  does  not  know  of  any  commodity  which  is  as  generally 
available  and  efficiently  dispensed  as  gasoline. 

As  regards  the  price  of  gasoline,  there  are  no  general  rules 
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which  can  l)e  stated  without  bringing  to  mind  a  host  of  exceptions. 
The  one  generally  recognized  fact  is  that  the  jobber's  price  for 
gasoline  is  generally  that  fixed  by  the  larger  marketing  organiza- 
tions. What  actually  determines  the  prices  selected  by  these 
organizations  is  something  which  can  be  determined  only  in  a  very 
general  way  and  the  chief  point  of  importance  to  the  general 
consumer  is  that  competing  organizations  generally  favor  an 
upward  rather  than  a  downward  revision. 

Table  II. 

Shouting  Retail  Prices  of  Gasoline  in  April,  i(/ig, 
in  Several  Cities  Throughout  the  Country. 


Retail  price 

State 

City 

(cents  per 
gallon) 

Massachusetts 

Boston 

27-5 

New  York 

New  York 

27.0 

Georgia 

Atlanta 

26.5 

IlUnois 

Chicago 

23.0 

Kentucky 

Louisville 

25-5 

Alabama 

Birmingham 

26.5 

North  Dakota 

Fargo 

27.1 

Kansas 

Wichita 

22.7 

Texas 

San  Antonio 

24-5 

Montana 

Missoula 

29.0 

Colorado 

Denver 

28.0 

New  Mexico 

Albuquerque 

32.0 

Washington 

Seattle 

21.5 

California 

San  Francisco 

20.5 

The  most  important  general  factors  regulating  the  price  of 
gasoline  are  the  costs  of  transportation  from  refining  centres  and 
the  demands  of  customers  as  regards  volatility  range.  Gasoline 
marketed  at  a  considerable  distance  from  centres  of  supply  is  more 
expensive  than  that  marketed  in  adjacent  districts  provided  the 
grade  demanded  is  the  same.  Likewise,  districts  that  are  satis- 
fied with  motor  fuel  of  high  end  point  generally  get  it  at  a  more 
favorable  price  than  similarly  located  districts  that  favor  a  more 
volatile  type  of  gasoline.  Figures  in  Table  II  show  the  retail 
prices  maintained  in  the  spring  of  1919  in  several  cities  throughout 
the  country.  It  will  be  noted  that  prices  were  lowest  in  the 
Pacific  coast  states  and  in  the  Mid-Continent  states  nearest 
the  producing  centres,  and  highest  in  the  Atlantic  coast  and 
Rocky  Mountain  states. 

The  most  important  thing  to  note  in  regard  to  the  price  of 
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gasoline  is  its  relation  to  the  price  of  crude  oil.  Figure  9  illus- 
trates this  in  a  decidedly  satisfactory  manner.  On  this  diagram 
are  plotted  New  York  jobbers'  prices  per  gallon  of  motor  gasoline 
and  the  average  prices  throughout  the  country  of  a  fifth  of  a 
barrel  of  crude  petroleum.  It  will  be  observed  that  the  curves 
are  in  general  parallel  with  the  single  notable  exception  for  the 
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Showing  the  relation  between  the  price  of  crude  petroleum  and  thu  price  of  Kasoline. 

year  191 1,  an  explanation  for  which  has  not  been  worked  out 
by  the  Bureau  of  Mines,  although  it  seems  possible  that  it  may 
have  been  due  to  the  fact  that  the  Standard  Oil  Company  was 
ordered  dissolved  by  Federal  injunction  at  about  this  time.  It 
may  be  noted  also  that  since  1916  the  price  of  gasoline  has  held 
practically  constant,  whereas  the  price  of  crude  petroleum  has 
increased  very  considerably.     This  discrepancy  is  in  part  due  to 
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the  fact  that  the  New  York  price  has  held  constant,  whereas  in 
general  throughout  the  country  there  has  been  an  increase  of  2  to 
4  cents  per  gallon.  Even  with  this  increase,  however,  there  would 
be  a  tendency  for  the  gasoline  and  crude  oil  curves  to  diverge.  A 
probable  explanation  of  this  is  the  fact  that  an  increased  demand 
for  other  rehnery  products  has  permitted  the  charging  of  a  lower 
percentage  of  operating  costs  against  gasoline  than  was  customary 
in  the  earlier  period.  During  the  past  year  the  supply  of  gasoline 
has  slightly  exceeded  the  demand,  which  is  another  reason  for 
relatively  slight  increase  in  cost.  In  any  event,  the  important 
fact  is  that  the  price  of  gasoline  has  been  in  general  proportional 
to  the  cost  of  the  raw  material  from  which  it  is  derived;  which 
indicates  that  the  oil  refining  industry  at  least  has  not  been  guilty 
of  profiteering. 

PROPERTIES    OF  GASOLINE. 

The  most  interesting  phase  of  the  subject  of  gasoline  for  a 
chemist  is.  of  course,  its  physical  and  chemical  properties.  Dis- 
cussion of  these,  however,  is  likely  to  lead  to  a  great  many  details 
which  are  not  of  general  interest  and  realizing  this  fact  the  author 
has  attempted  to  avoid  technical  details  as  far  as  is  consistent  with 
giving  a  reasonably  adequate  idea  of  what  gasoline  actually  is. 

The  various  properties  which  are  commonly  studied  may  be 
listed  as  follows :  color,  odor,  "  doctor  "  test  for  decomposable 
sulphur  bodies,  corrosion  and  gum  formation,  gravity,  unsatura- 
tion,  acidity,  and  volatility  or  distillation  range.  Of  these  proper- 
ties it  may  be  stated  that  color,  odor,  the  "  doctor  "  test  and  the 
corrosion  and  gumming  test  are  not  of  sufficient  interest  and  prac- 
tical importance  to  warrant  discussion  in  the  present  paper.  The 
gravity  test  is  one  which  has  been  highly  regarded  in  the  past 
but  which  actually  is  of  minor  significance.  The  present  paper 
undertakes  to  show  why  it  is  of  slight  use  in  determining  the 
quality  of  gasoline.  The  unsaturation  test  is  of  interest  because 
it  shows  whether  or  not  a  gasoline  contains  products  of  the  crack- 
ing reaction.  The  acidity  test  is  one  which  covers  care  in 
refining  and  which  has  been  included  in  government  specifications, 
although  its  practical  value  has  not  as  yet  been  definitely  deter- 
mined. The  most  important  property  of  gasoline  is  its  volatility, 
which  is  indicated  by  determination  of  its  distillation  range.  The 
behavior  of  gasoline  in  an  internal  combustion  engine  is  very 
largely  determined  by  this  property  of  volatility,  which  is  the  basic 
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one  on  which  gasohnes  are  graded  by  intelhgent  refiners.  The 
older  system  of  grading  on  the  basis  of  gravity  still  holds  to  a 
limited  extent  but  even  this  is  based  on  the  assumption  that  dis- 
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Apparatus  for  the  analytical  distillation  of  gasoline. 

tillation    range   is   a    function   of   gravity,    which   assumption    is 
correct  only  when  considerably  cpialified. 


VOLATILITY  OR  DISTILLATION  RANGE. 

The  method  for  determining  volatility  involves  an  analytical 
distillation   under   reiiulated   conditions.       These  conditions  and 
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the  nature  of  the  apparatus  used  have  a  considerable  influence 
over  resuhs  and  it  is.  therefore,  necessary  that  tests  be  made 
in  the  same  way  if  figures  are  to  be  regarded  as  comparable.  Test- 
ing methods  were  in  the  past  subject  to  considerable  discrepancy, 
but  since  the  recent  recommendation  of  a  certain  method  by  the 
Bureau  there  has  been  a  marked  improvement  in  this  particular. 
Practically  all  specifications  are  no\v  based  on  a  distillation  by 
the  method  recommended  by  the  Bureau  of  Mines,  which  has 
been  described  in  various  publications."'  The  apparatus  used  in 
the  test  is  represented  in  Fig.  10  and  consists  essentially  of  a  source 
of  heat,  a  100  c.c.  distillation  flash  of  specified  dimensions,  an  ice- 
cooled  condenser  of  specified  dimensions,  and  a  100  c.c.  graduate. 
The  method  involves  heating  the  gasoline  at  a  specified  rate 
and  reading  temperatures  when  the  first  drop  falls  from  the  end 
of  the  condenser,  Avhen  each  of  the  respective  10  per  cent,  marks 
is  reached,  and  when  the  dry  point  is  reached,  the  latter  being 
taken  as  the  highest  temperature  obtainable  shortly  after  the  flask 
has  apparently  boiled  dry  at  the  end  of  the  distillation.  Of  these 
various  readings,  the  following  are  usually  sufficient  to  define  the 
distillation  range  of  gasoline ;  first  drop  temperature,  20  per  cent., 
50  per  cent.,  90  per  cent,  marks  and  the  dry  point.  These  are  the 
points  usually  employed  in  specifications.  Figure  1 1  shows  a  curve 
plotted  on  the  limits  of  the  points  set  by  the  present  government 
specification  for  gasoline.  It  will  be  observed  that  each  of  the 
ends  of  the  curve  is  rather  definitely  fixed  by  the  use  of  two  points. 
A  point  for  the  50  per  cent,  mark  fixes  the  intermediate  portion  of 
the  curve.  This,  how^ever,  is  not  absolutely  necessary  as  there 
are  inconsiderable  possibilities  of  variation  in  this  point  when  the 
end  limits  are  specified. 

In  discussing  the  properties  of  gasoline  a  figure  is  sometimes 
employed  which  is  called  the  average  boiling  point.  This  has  not 
been  employed  in  specifications  as  yet,  but  is  of  some  value  in  pro- 
viding a  single  figure  to  be  used  as  an  index  in  stating  the  volatil- 
ity of  gasoline.  This  figure  is  obtained  by  adding  the  first  drop 
temperature,  each  of  the  10  per  cent,  marks,  and  the  dry  point,  and 

''American  Society  for  Testing  Materials,  Year  Book  for  1915,  pp. 
568-569;  or  Part  i,  Committee  Reports  1916,  vol.  16,  pp.  518-521.  Dean 
E.  W.,  "  Motor  Gasoline,  Properties,  Laboratory  Methods  of  Testing  and 
Practical  Specification."  Bureau  of  Mines  Technical  Paper  No.  214,  1919, 
33  pages.  Also  Technical  Paper  No.  166  by  the  same  author  and  with  the 
same  title,  1917,  27  pages. 


290 


E.  W.  Dean. 


[J.  F.  I. 


dividing  by  eleven.  This  figure  provides  the  same  sort  of  infor- 
mation that  would  be  obtained  by  means  of  a  gravity  test  if  the 
gravity  test  indicated  what  it  is  supposed  by  many  to  do. 

DISTILLATION   RANGE   OF    COMMERCIAL   GASOLINE. 

Three  methods  of  producing  gasoline  have  been  discussed, 
namely,  the  straight  refinery  method,  the  casing-head  gas  method, 

Fig.  II. 
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Showing  curves  representing  the  distillation  limits  set  by  the  igig  Government  specification 
for  motor  gasoline  and  the  average  distillation  ran^e  of  the  series  of  samples  collected  by  the 
Bureau  of  Mines  in  April  and  May,  1919. 

and  the  cracking  method.  Gasoline  produced  by  the  cracking 
process  has  no  characteristic  properties  as  regards  distillation 
range.  It  is,  however,  frequently  possible  to  distinguish  gasoline 
blended  with  casing-head  products  from  the  straight  refinery 
types.  Figure  12  shows  an  interesting  series  of  curves.  One  of 
the  samples  represented  is  a  product  made  by  blending  casing-head 
gasoline  with  kerosene.      Its  distillation  range  is  distinct   from 
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that  of  any  of  the  otiier  samples.  This  type  of  fuel  is  not  regarded 
as  entirely  satisfactory.  It  may  be  noted,  however,  that  neither 
the  gravity  test  nor  the  average  volatility  figures  would  distin- 
guish this  gasoline  from  one  of  the  more  desirable  types.     The 

Fig.  12. 
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Showing    distillation    curves    of    three    types    of    blended    casinghead    gasoline    and    straight 

refinery  gasoline. 


second  sample  of  the  series  represented  in  Figure  12  is  one  com- 
posed of  casing-head  gasoline,  blended  with  a  so-called  heavy  or 
high-boiling  naphtha.  This  type  of  product  is  notably  superior 
to  the  kerosene  blend  but  is  not  entirely  ideal  as  motor  fuel, 
although  gasoline  of  this  type  is  used  in  large  amounts  and  with 
reasonable- satisfaction.     It  is  believed,  however,  that  the  prefer- 
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able  type  of  casing-head  blend  is  that  represented  by  the  third 
curve  which  shows  the  distillation  range  of  a  sample  made  by 
blending  a  very  moderate  quantity  of  casing-head  gasoline  with 
straight  refinery  gasoline.  The  curves  for  the  three  casing-head 
blends  are  shown  in  comparison  with  the  curve  for  a  straight 
refinery  gasoline.     It  will  be  observed  that  the  casing-head  blends 

Fig.  13. 


► 

IBO 

/ 

;j 

/ 

V 

/ 

0 
,    160 

/ 

y. 

/ 

J 

/ 

^ 

<^ 

y 

y 

/ 

5. 

A 

jcA 

Y    " 

7ov 

nta 

in 

Ois 

'/•/< 

/- 

■^ 

A 

y. 

t> 

y 

?- 

^ 

^ 

^ 

^ 

^    120 

M 

ic/o 

le 

We. 

f-  - 

-^ 

^ 

y 

r^ 

Ne. 

y£ 

n^t 

art' 

i 

y^ 

^ 

'k 

Pa 

cif 

c  t 

'oa 

■f 

100 

y 

y 
>> 

^ 

A 

K 

80 

A 

y 

^ 

\ 

4-0 

20 

First 
drop 


30  ■*0  SO  60  70 

PERCENTAGE     DISTILLED 


Dry 
point 


Showing  distillation  curves  representative  of  the  average  grades. of  gasoline  marketed  in  1919 
in  tour  general  sections  of  the  country. 

have  curves  which  for  the  first  20  or  30  per  cent,  are  lower  than 
the  straight  refinery  product.  Above  this  point  the  curves  are 
higher  than  the  curve  for  the  straight  refinery  gasoline  by 
varying  amounts. 

In  the  spring  of  1919  and  in  the  spring  of  191 7  the  Bureau 
of  Mines  made  surveys  of  the  quality  of  gasoline  sold  throughout 
the  United  States.  Certain  of  the  results  of  these  surveys  are 
of  general  interest  and  are  briefly  di.scussed.  In  the  first  place,  it 
was  observed  in  the  course  of  both  surveys  that  the  general  quality 
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of  gasoline  varied  to  a  certain  degree  in  various  sections  of  the 
country.  The  states  on  the  Pacific  coast  received  gasohne  of  rela- 
tively low-boiling  range  (or  high  volatility).  The  states  on  the 
Eastern  coast  were  next  as  regards  low-boiling  range  of  gasoline. 
The  Middle  Western  states  received  gasoline  which  was  less  vola- 
tile than  that  marketed  on  the  Eastern  coast,  while  the  Rocky 
Mountain  district  received  the  least  volatile  grade  of  gasoline 
of  any  part  of  the  country.  Figure  13  shows  four  curves  repre- 
senting four  different  parts  of  the  country,  these  curves  being 
based  on  the  average  of  figures  for  the  samples  collected  in  each 
of  the  four  districts.  It  will  be  noted  that  as  regards  the  more 
volatile  fractions  of  gasoline,  represented  on  the  lower  end  of  the 
distillation  curve,  the  differences  are  slight.  Beyond  the  20  per 
cent,  mark,  however,  the  curves  diverge  and  there  are  appreciable 
differences  at  both  the  90  per  cent,  mark  and  the  dry  point.  A 
similar  series  of  curves  was  obtained  for  samples  collected  in 
191 7,  although  at  that  time  the  Rocky  Mountain  district  was  not 
homogeneous  as  regards  the  quality  of  gasoline  received.  A  cer- 
tain proportion  of  gasoline  marketed  in  this  district  came  from 
California  and  was  of  the  same  general  quality  as  that  marketed 
on  the  West  coast. 

The  chief  point  of  interest  with  regard  to  these  curves  is  the 
general  change  in  the  quality  of  gasoline.  The  boiling  range  of 
gasoline  has,  during  the  past  five  or  ten  years,  been  increasing  nota- 
bly. In  the  days  when  gasoline  was  a  by-product  of  the  refining  in- 
dustry, incident  to  the  production  of  kerosene  or  lamp  oil,  its  end 
point  was  in  the  general  neighborhood  of  300°  F.  As  the  demand 
for  gasoline  increased,  this  end  point  has  gradually  raised.  When 
the  Bureau  first  began  a  study  of  the  properties  of  gasoline,  the 
figures  usually  maintained  were  between  the  limits  of  350°  F. 
and  400^  F.  The  end  point  has  continued  to  increase  so  that  in 
191 9  the  average  was  about  425°  F.  As  regards  the  change  in 
quality  l^etween  191 7  and  1919,  the  curves  in  Figure  14  are 
instructive.  These  curves  represent  average  figures  for  all  of 
the  samples  collected  in  each  of  the  respective  surveys.  It  will  be 
noted  that  the  first  drop  and  20  per  cent,  temperatures  are  practi- 
cally the  same  in  lx)th  cases  but  that  the  curves  diverge  beyond 
this  point,  the  difference  at  the  90  per  cent,  marks  and  dry  points 
being  between  15°  C.  and  16^  C.  This  means  that  the  gasoline 
marketed  in  1919  was  practically  equal  to  that  of  191 7  as  regards 
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starting  qualities  but  that  the  properties  controlled  by  the  end 
point  had  changed  somewhat.  Improvements  in  engine  design 
have  undoubtedly  made  up  for  a  considerable  proportion  of  this 
difference  and  the  gasoline  marketed  as  present  is  probably  used 
with  fully  as  great  satisfaction  as  that  marketed  in  191 7.  There 
is  some  question  as  to  how  much  higher  the  end  point  can  be  raised 

Fig.  14. 
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Showing  average  distillation  curves  for  the  series  of  samples  of  gasoline  collected  by  the  Bureau 
of  Mines  in  surveys  made  in  1917  and  1919. 


and  still  yield  satisfactory  results.  This  is  a  point  concerning 
which  detailed  information  is  lacking.  The  Bureau  believes, 
however,  that  in  general  the  grades  of  gasoline  now  on  the  market 
are  being  used  with  a  reasonable  degree  of  satisfaction.  The  prac- 
tice of  the  refining  companies  is  to  avoid,  as  far  as  possible,  dis- 
satisfaction on  the  part  of  their  customers,  and  if  a  certain  grade 
of  gasoline  is  subject  to  too  many  complaints  it  is  practically 
certain  to  l)e  modified.  It  is  realized,  however,  that  the  demands 
of  users  in  different  parts  of  the  country  are  not  the  same  and  that 
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what  is  regarded  as  low-grade  gasoline  in  one  district  would  be 
looked  upon  as  high-grade  gasoline  in  another. 

ACIDITY. 

The  test  now  recommended  by  the  Bureau  of  Mines  for  deter- 
mining acidity  of  gasoline  is  as  follows:  The  residue  left  in  the 
distilling  flask  after  making  a  distillation  is  extracted  with  dis- 
tilled water  and  tested  with  methyl  orange  indicator ;  reddening 
of  the  indicator  shows  that  the  gasoline  contains  acid  which  was 
present  in  the  original  sample,  either  free  or  in  some  sort  of 
chemical  combination.  It  has  not  been  experimentally  determined 
whether  gasoline  showing  acidity  according  to  this  test  has  a 
particularly  deleterious  effect  upon  the  metal  parts  of  engines. 
It  seems  reasonable  to  suppose  that  it  may  have  some  undesirable 
effect,  however,  and  inasmuch  as  this  test  is  one  which  can  be  met 
by  all  refiners  exercising  reasonable  care  in  preparing  their  prod- 
ucts, it  has  been  included  in  government  specification.  A  study 
of  the  results  of  the  Bureau's  1919  survey  indicated  that  a  major- 
ity of  the  samples  were  satisfactory  according  to  this  test. 

UNSATURATION. 

The  test  for  unsaturation  is  one  which  the  Bureau  has  never 
recommended  in  specifications  as  there  is  reason  to  believe  that 
the  types  of  unsaturated  gasolines  usually  marketed  are  equal, 
if  not  superior  in  some  ways,  to  the  saturated  types.  The  unsatu- 
ration test  ^  is,  however,  interesting  in  showing  the  method  by 
which  gasoline  was  produced  and  is,  therefore,  worthy  of  brief 
discussion.  The  test  employed  by  the  Bureau  simply  involves 
agitating  the  gasoline  with  two  volumes  of  ordinary  concentrated 
sulphuric  acid  and  noting  what  per  cent,  of  the  gasoline  is  dis- 
solved. This  test  has  been  shown  to  cause  a  certain  amount  of 
polymerization  of  olefin  or  unsaturated  hydrocarbons  and  on  this 
account  the  percentage  dissolved  does  not  represent  all  of  the 
-olefines  contained  in  the  gasoline.  As  an  empirical  test,  however, 
it  has  proven  reasonably  reliable  and  accordingly  is  of  considerable 
value  in  the  study  of  gasoline  samples.  The  series  of  samples 
collected  in  191 7  varied  in  percentage  of  unsaturation  from  a 
fraction  of  one  per  cent,  up  to  a  maximum  of  six  per  cent.     For 

*  Dean,  E.  W.,  and  Hill,  H.  H.,  "  Determination  of  Unsaturated  Hydro- 
carbons in  Gasoline";  Bureau  of  Mines  Technical  Paper  No.  181,  1917,  25  pp. 
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the  1 919  series  the  lower  Hmit  was  the  same  but  a  common  maxi- 
mum was  in  the  neighborhood  of  12  per  cent.,  showing  that  com- 
panies operating  cracking  processes  have  practically  doubled  the 
proportion  of  cracked  gasoline  turned  out. 

As  regards  the  properties  of  cracked  gasoline,  a  brief  word 
may  be  in  order.  Cracked  gasoline,  even  when  carefully  refined, 
has  an  odor  which  is  more  or  less  characteristic  and  which,  to 
some  at  least,  is  slightly  disagreeable.  In  addition,  cracked  gaso- 
line is  accused  of  the  habit  of  polymerizing  in  shipment  and  storage 
with  the  depositation  of  gummy  substances.  Furthermore, 
cracked  gasoline  has  been  known  to  deposit  gummy  masses  in  the 
intake  manifolds  of  engines  and  has  also  been  accused  of  deposit- 
ing carbon  in  cylinders.  Some  of  these  properties  may  be  bad, 
although  it  is  believed  that  in  most  cases  the  trouble  is  due  to 
improperly  refined  cracked  gasoline  rather  than  to  the  simple 
presence  of  cracked  constituents.  In  any  event,  however,  some 
of  the  Bureau's  experiments  have  indicated  a  notable  point  of 
superiority.  When  ordinary  gasoline  is  used  in  a  high  com- 
pression motor  there  is  likely  to  be  a  "  knock  "  which  is  unde- 
sirable. Cracked  gasoline  has  been  found  to  be  less  subject  to 
this  tendency  than  is  the  more  highly  regarded  straight  refinery 
type.  Frequent  claims  are  made  that  cracked  gasoline  is  superior 
to  the  straight  run  types  when  cars  are  run  up  steep  grades  or 
worked  under  heavy  load,  and  the  Bureau's  experiments  with  the 
phenomenon  of  knocking  have  tended  to  substantiate  these  claims. 
In  general,  cracked  gasoline  is  marketed  in  the  form  of  blends 
which  are  not  detected  by  the  average  user.  It  is  believed,  how- 
ever, that  even  if  the  u.ser  were  able  to  distinguish  cracked  gaso- 
line, it  would  very  likely  be  on  account  of  its  advantageous  rather 
than  its  disadvantageous  behavior. 

GRAVITY. 

Up  to  the  last  few  years  it  was  customary  to  rate  gasoline 
on  the  basis  of  its  Baume  gravity,  and  even  to-day  users  are 
inclined  to  believe  that  a  high  Baume  gravity,  which  means  a  low 
specific  gravity,  is  a  desiral)lc  property.  The  gravity  test  under 
certain  conditions  does  give  indication  of  the  distillation  range  of 
gasoline  but  in  general  furnishes  highly  unreliable  information  in 
this  particular.  It  has  already  been  pointed  out  that  a  mi.xture 
of  kerosene  and  casing-head  gasoline  might  have  the  .same  gravity 
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as  a  straight  run  gasoline.  In  addition  it  may  be  stated  that  the 
types  of  crnde  oil  produced  in  different  parts  of  the  country  have 
ditlerent  physical  and  chemical  properties  and  that  for  a  given 
gravity  there  may  be  considerable  difference  in  boiling  range  or 
z'icc  7'crsa.  This  fact  is  illustrated  by  the  curves  in  Figure  15. 
The  three  samples  represented  have  practically  the  same  gravity, 
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Showing  the  distillation  curves  of  gasoline  of  the  same  gravity  obtained  by  the  straight  refinery 
process  from  Pennsylvania,  Mid-Continent  and  California  crude  petroleum. 

but  have  distillation  ranges  which  are  appreciably  different.  The 
uselessness  of  gravity  figures  in  indicating  quality  of  gasoline 
is  further  indicated  by  the  fact  that  motor  fuels  now  on  the  market 
may  contain  benzol  and  other  coal  tar  derivatives  which  have 
abnormally  low  Baume  gravities. 

GASOLINE  SUBSTITUTES. 

The  subject  of  gasoline  substitutes  is  one  of  particular  interest, 
although  definite  information  concerning  it  is  decidedly  limited. 
The  first  fact  of  importance  to  be  recognized  is  that  motor  fuel  is 
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essentially  a  source  of  energy  and  that  the  energy  must  come  from 
somewhere.  Wonderful  statements  regarding  the  discovery  of 
new  fuels  appear  periodically  in  the  newspapers,  these  fuels  gener- 
ally being  made  by  adding  a  small  quantity  of  some  secret  com- 
pound to  water.  That  these  discoveries  are  one  and  all  without 
particular  value  is  proven  by  the  fact  that  water  is  a  substance 
which  contains  about  as  little  free  energy  as  anything  one 
could  select. 

As  regards  the  real  possibilities  of  gasoline  substitutes,  it 
now  seems  probable  that  oil  shale  may  in  the  future  prove  an 
important  source.  There  are  enormous  deposits  of  oil  shales 
in  the  United  States  and  the  extraction  of  liquid  oil  from  these 
is  undoubtedly  feasible,  although  it  has  not  yet  been  worked  out 
on  a  commercial  scale  in  this  country.  Oil  shale  probably  will 
not  assume  any  considerable  importance  as  a  source  of  motor  fuel 
in  the  near  future,  but  its  potentiality  as  a  resource  gives  a  com- 
fortable sense  of  assurance  that  the  use  of  motor  vehicles  will  not 
have  to  be  discontinued  when  petroleum  resources  are  exhausted. 

Another  type  of  fuel  which  offers  unlimited  possibilities  for 
the  future  and  which  is  already  being  developed  to  a  certain  degree 
is  alcohol.  The  problems  to  be  solved  before  this  comes  into 
general  use  are  apparently  the  development  of  cheaper  methods 
of  production  and  the  development  of  suitable  types  of  engines. 
Efforts  are  at  present  being  made  to  market  a  fuel  containing  alco- 
hol and  other  components  which  may  be  used  satisfactorily  in 
present  types  of  automotive  engines.  A  sample  of  this  fuel  has 
been  obtained  by  the  Bureau  in  the  retail  market  and  has  been 
subjected  to  laboratory  examination.  The  distillation  curve  of 
this  sample  is  shown  in  Figure  16.  Its  exact  chemical  composition 
was  not  determined  but  it  was  shown  to  contain  both  alcohol  and 
benzol  as  well  as  a  fair  percentage  of  a  product  that  might  be 
classified  either  as  a  low-boiling  kerosene  or  a  high-boiling  petro- 
leum naphtha.  The  sample  obtained  by  the  Bureau  was  being 
sold  at  a  price  somewhat  higher  than  that  of  motor  gasoline.  As 
regards  its  use,  the  Bureau  has  received  reports  from  at  least  two 
reputable  organizations,  indicating  that  it  was  found  at  least  as 
satisfactory  as  ordinary  gasoline. 

The  type  of  gasoline  substitute  which  is  of  most  importance 
at  the  present  time  is  the  mixture  of  hydrocarbons  obtained  as  a 
by-y)ro(luct  in  the  coking  of  coal.     These  so-called  coal  tar  distil- 
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late^.  including  benzol,  toluol,  xylol,  etc.,  are  hydrocarbons  which 
are  somewhat  similar  to  the  hydrocarbons  found  in  petroleum, 
although  of  course  there  are  well-recognized  physical  and  chemical 
differences.  During  the  war,  coal  tar  distillates  were  largely  used 
in  the  production  of  explosives  and  other  munitions  but  since 
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Showing' distillation  curves  of  three  different  types  of  motor  fuel,  (i)  A  blend  of  alcohol, 
benzol,  and  kerosene.  (2)  A  blend  containing  benzol  as  pi incipal  constituent.  (3)  A  straight 
refinery  motor  gasoline. 

the  termination  of  hostilities  a  considerable  supply  has  been  ren- 
dered available  for  motor  fuel.  Several  companies  have  already 
undertaken  to  market  benzol  mixtures  and  in  the  course  of  its 
19 19  survey  the  Bureau  secured  a  numl^er  of  samples  which  were 
sold  as  gasoline  substitutes  containing  benzol.  The  distillation 
curve  of  one  of  the  samples  is  shown  in  Figure  i6  and  of  some 
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of  the  other  samples  in  Figure  17.  The  products  are  generally 
mixtures  of  coal  tar  distillates  with  petroleum  naphtha.  These 
products  have  been  used  under  widely  varying  conditions  and  in 
some  cases  favorable  results  have  been  obtained,  in  others  unfavor- 
able results.     Inquiries  made  by  the  Bureau  have  usually  been 
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PERCENTAGE    DISTILLED 
Showing  distillation  curves  of  four  motor  fuels  containing  coal-tar  distillates. 


answered  by  statements  either  that  the  substitutes  were  very  satis- 
factory or  very  unsatisfactory,  few  of  the  users  seeming  to  have 
found  them  about  the  same  as  petroleum  gasoline. 

The  use  of  coal  tar  distillates  as  motor  fuel  does  not,  hcnvevcr. 
offer  an  ultimate  solution  of  the  motor  fuel  problem  as  the  total 
production  of  these  hydrocarbons  is  rather  limited.     In  discussing 
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this  subject  in  a  paper  prepared  about  two  years  ago  the  author  had 
occasion  to  collect  some  statistics  which  are  represented  graphi- 
cally in  Fig.  18.    This  figure  shows  : 

1.  The  nation's  gasoline  production  in  1916. 

2.  An  estimate  of  the  total  light  oil  production  if  all  the  bitu- 
minous coal  mined  in  the  country  were  coked  in  by-product  ovens. 

3.  An  estimate  of  the  production  of  light  oil,  if  all  coking 
ovens  were  of  the  by-product  type. 

4.  An  estimate   of  the  actual    light  oil   production    for   the 
year  1917. 

The  actual  figure  for  hydrocarbons  suitable  for  motor  fuel  is 

FiG.   18. 
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even  less  than  that  for  total  light  oil  produced,  and  it  appears, 
therefore,  that  as  a  motor  fuel  resource,  coal  tar  distillates  are  of 
relatively  small  importance.  It  may,  for  instance,  be  stated  that 
since  1916  the  production  of  gasoline  has  practically  doubled 
while  the  quantity  of  coal  mined  has  increased  only  about  17  per 
cent.  The  real  importance  of  coal  tar  distillates  as  motor  fuel 
occurs  in  districts  adjacent  to  by-product  coking  operations  where 
a  reasonable  proportion  of  the  local  gasoline  supply  may  be  filled 
by  coal  tar  products. 

Benzol  and  other  coal  tar  distillates  have  certain  disadvantages 
when  compared  wnth  petroleum  gasoline  but  have  other  very 
marked  advantages ;  particularly  in  freedom  from  tendency  to 
knock.     An  additional  advantage  lies  in  the  fact  that  they  have 
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a  considerably  higher  calorific  value  per  unit  volume,  and  as  this 
is  the  basis  on  which  the  user  buys,  he  gets  more  for  his  money 
than  he  would  from  petroleum  gasoline.  It  is  believed  that  coal 
tar  distillates,  if  properly  used,  are  very'  satisfactory  motor  fuels 
and  that  there  should  be  little  difficulty  in  finding  a  market  for  the 
entire  supply. 

The  Bureau's  general  feeling  with  regard  to  substitutes  for 
gasoline  is  that  they  should  receive  all  possible  encouragement  if 
produced  and  marketed  in  an  intelligent  and  scientific  manner. 
The  nation  certainly  needs  to  increase  its  motor  fuel  resources  and 
no  step  in  this  direction  should  be  hindered.  It  should  be  recog- 
nized, however,  that  petroleum  gasoline  is  a  type  of  fuel  for 
which  present  equipment  has  been  designed  and  for  which  it  is 
eminently  satisfactory.  It  is  believed,  therefore,  that  when  strik- 
ing claims  are  made  for  the  superiority  of  any  gasoline  substitute, 
these  should  not  be  taken  too  seriously.  The  substitute  fuel  should 
be  given  a  fair  trial  but  the  user  should  be  satisfied  if  it  is  as  good 
as  gasoline  and  should  not  expect  it  to  be  nota1)ly  superior. 


New   Methods   of   Constructing   Buildings   in   France.      (La 

Nature,  December  27,  1919.) — The  shortage  of  workers  and  the 
pressing  need  of  buildings  in  the  Departments  devastated  by  the 
Huns  has  led  to  new  devices  in  which  the  saving  of  time  and  the 
reduction  of  hand  labor  are  prominent.  In  the  process  of  M.  Ch. 
H.  Besnard,  an  architect  of  the  Government,  elements  of  rein- 
forced concrete  are  moulded  in  the  factory  under  favorable  con- 
ditions of  temperature  and  humidity,  where  workmen  are  on  the 
ground  and  not  in  mid-air,  and  where  inspection  and  tests  can  be 
carried  out  with  satisfaction.  In  erection  a  skeleton,  consisting 
of  (a)  posts,  carrying  at  the  upper  end  very  stout  metal  gutters, 
and  (b)  horizontal  girders  connecting  the  posts,  is  put  up.  The 
gutters,  themselves,  serve  as  lengthwise  girders.  From  the  peak 
of  the  roof  descend  the  two  sloping  sides  of  glass  or  of  tile,  and 
both  rest  upon  the  inner  edges  of  the  gutters  on  the  two  sides  of 
the  structure.  Outside  of  the  actual  elevation  of  the  members 
and  of  their  fixing  in  place,  but  little  work  need  be  done  at  the 
site  of  the  structure.    The  roof  has  only  three  joints. 

The  same  process  is  applied  to  dwelling  houses  as  well  as  to 
factories,  and  in  a  characteristicall}'  n'rcnch  manner  ihc  (.-sthetic 
features  of  the  structures  are  cared  for. 

It  is  reported  that  a  saving  of  more  than  ()o  per  cent,  in  the 
number  of  workers  at  the  building  itself  is  thus  made — no  incon- 
siderable matter  in  view  of  the  450,(x:>o  ruined  buildings  in  hVance. 

G.  F.  S. 


A  NEW  NON-INTERMITTENT  SENSITOMETER.* 

BY 

LOYD  A.  JONES 

Physicist,  Research  Laboratory,  Eastman  Kodak  Company. 

The  first  step  in  the  testing-  of  photographic  plates,  fihns,  and 
papers  by  the  sensitometric  method  involves  the  exposure  of  the 
material  in  some  definite  precisely  determined  manner.  This  is 
accomplished  by  use  of  an  instrument  known  as  a  "sensitometer," 
which  subjects  various  areas  of  the  material  to  be'  examined  to  a 
series  of  exposures  varying  in  value  over  the  necessary  range  and 
in  accordance  with  some  definitely  known  predetermined  ratio. 
Since  the  density  of  the  developed  areas  over  a  considerable  pro- 
portion of  the  scale  of  the  material  is  directly  proportional  to  the 
logarithm  of  the  exposure,  and,  since  it  is  usually  desirable  in 
producing  a  graphical  representation  of  the  characteristics  of  the 
material  to  plot  density  against  the  logarithm  of  the  exposure,  a 
series  of  exposures  increasing  according  to  some  logarithmic 
function  is  usually  chosen,  thus  producing  an  even  distribution  of 
determined  points  along  the  exposure  axis.  The  exposure  scales 
in  most  common  use  are  those  in  which  the  exposures  increase 
from  step  to  step  by  consecutive  powers  of  2,^/2  or\/2,the  par- 
ticular scale  used  being  that  one  which  is  best  suited  to  the  scale 
of  the  material  being  tested  and  to  the  requirements  of  precision 
necessar}'  in  the  problem  being  considered. 

The  response  of  a  photographic  material  to  the  stimulating 
exposure  is  a  function  not  only  of  the  intensity  (/)  of  that  stimu- 
lus, but  also  of  the  duration  of  time  (T)  through  which  the 
.stimulus  acts.  Exposure,  therefore,  consists  of  two  factors,  time 
and  intensity,  and  hence  its  value  may  be  varied  by  a  change  in 
either  the  time  or  intensity  factor.  The  desired  variation  in  the 
time  factor  may  be  accomplished  by  either  of  two  general  methods, 
the  continuous  or  intermittent.  In  case  of  the  former  the  exposing 
radiation  is  allowed  to  act  continuously  from  the  instant  of 
starting  until  the  desired  exposure  has  been  obtained,  while  in  the 
latter  the  exposure  is  broken  up  into  a  series  of  flashes  varying 

*  Communicated  by  Dr.  C.  E.  K.  Mees.  Communication  No.  64  from 
the  Research  Laboratory  of  the   Eastman  Kodak  Company. 
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in  duration  for  the  various  areas  being  exposed.  There  are  in 
general,  therefore,  three  distinct  ways  in  which  a  photographic 
plate  may  be  exposed  for  sensitometric  purposes,  and  sensi- 
tometers  may  conveniently  be  divided  into  three  classes  according 
to  the  way  in  which  the  required  variation  of  exposure  is  obtained  : 

Class  A:     /  variable,  T  constant  (Intensity  Scale  Instrument). 
Class  B:     /  constant,  7"  variable  and  continuous  (Non-intermittent 

Time  Scale  Instruments). 
Class  C:     /  constant,   T  variable   and   intermittent    (Intermittent 

Time  Scale  Instruments). 

Sensitometers  producing  graded  exposures  in  all  three  of  the 
ways  mentioned  aljove  have  been  used  by  various  workers  in  the 
field  of  photographic  research. 

The  chief  examples  of  Class  A  are  the  tube  sensitometers  and 
tablet  sensitometers.  The  former  consist  of  a  series  of  tubes  or 
cells  of  equal  lengths  at  one  end  of  which  is  placed  the  photo- 
graphic plate,  the  other  ends  of  the  various  tubes  being  closed  by 
opaque  plates  containing  apertures  of  variable  areas.  If  these 
apertures  are  properly  illuminated,  the  intensity  of  the  light  acting 
on  the  photographic  plate  at  the  other  end  of  the  tubes  will 
be  proportional  to  the  areas  of  the  apertures.  In  order  to  obtain 
high  precision  with  this  type,  extremely  good  machine  work  is 
necessary,  and  great  care  must  be  exercised  in  obtaining  proper 
illumination  of  the  apertures.  Difficulty  also  arises  in  obtaining 
a  long  scale  of  exposures  and  at  the  same  time  placing  the  exposed 
areas  close  together  on  the  plate,  this  being  highly  desirable  in 
order  to  minimize  as  much  as  possible  the  errors  arising  from  the 
inequalities  of  coating.  Sensitometers  of  this  type  have  been  used 
by  Spurge,^  Vogel,-  Luther  •'  and  others. 

Tablet  .sensitometers  are  made  by  prodticing  on  a  transparent 
suj)port,  such  as  glass  or  lilm,  a  series  of  deposits  varying  in  den- 
sity according  to  the  desired  .scale  of  exposures.  These  densities 
may  be  produced  by  use  of  pigmented  or  neutral  dyed  gelatine  or 
by  a  photographic  deposit  of  silver  grains  developed  in  a  non- 
staining  developer.  The  plate  to  be  tested  is  printed  in  contact 
with  the  tablet  and  the  densities  of  the  various  tablet  areas,  having 
been  previously  measured,  the  intensity  of  the  light  acting  on  the 
various  areas  of  exposed  plate  can  be  determined.  The  chief 
difficulties  in  the  preparation  of  such  tablets  lie  in  the  exact 
measurement  of  the  various  densities,  in  obtaining  and  reproduc- 
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ing  precisely  the  densities  desired  and  in  obtaining  media  that 
are  photographically  non-selective  in  regard  to  spectral  absorption. 
The  best  known  examples  of  this  type  are  the  Warnerke  ^  and 
Chapman-Jones  "'  tablets. 

Sensitometers  of  Class  B  have  been  but  little  used.  One  form 
proposed  by  Cowan  "  consists  of  a  plate  which  is  allowed  to  fall, 
under  the  action  of  gravity,  between  the  light  source  and  the 
material  to  be  tested.  In  this  plate  is  cut  a  series  of  slots  of 
different  lengths,  allowing  the  light  to  act  for  various  intervals 
of  time  upon  the  areas  of  sensitive  surface  behind  the  several 
slots.  The  chief  objection  to  this  type  is  the  necessity  of  applying 
a  correction  to  compensate  for  the  variable  velocity  of  fall  due 
to  gravitational  acceleration.  Another  form  proposed  by  General 
Sebert  '  is  much  more  satisfactory  but  does  not  seem  to  have 
been  used  very  extensively.  This  consists  of  a  plate-holder, 
carrying  the  sensitive  material  to  be  exposed,  driven  at  a  constant 
velocity  past  a  metal  plate,  in  which  are  cut  slots  of  different 
lengths.  The  constant  velocity  is  obtained  by  means  of  a  clock- 
work controlled  by  a  pendulum. 

Class  C  includes  instruments  of  the  sector  wheel  type.  These 
consist  of  an  opaque  disk  in  which  are  cut  slots  of  various  angular 
dimensions,  mounted  on  a  shaft,  and  driven  at  a  fairly  high  angu- 
lar velocity.  The  material  to  be  exposed  is  placed  behind  this 
rotating  disk  and  various  areas  receive  exposures  which  are 
directly  proportional  to  the  angular  dimensions  of  the  slots. 
This  instrument  has  been  very  extensively  used  in  photographic 
research  and  is  the  most  common  and  best  known  form  of  sensi- 
tometer.  This  form  was  proposed  as  early  as  1840  by  Claudet, 
and  again  in  1889  by  Bolton.® 

Various  workers  have  used  instruments  of  this  type  differing 
slightly  in  detail ;  for  instance,  Hurter  and  Drififield  ^  adopted 
one,  employing  a  disk  having  nine  steps,  increasing  in  angular 
dimensions  by  consecutive  powers  of  2,  thus  giving  exposures 
doubling  in  value  from  step  to  step.  Scheiner  ^^  adopted  a  disk  in 
which  the  ratio  of  adjacent  slots  was  i  :  1.27,  thus  giving  the 
determined  points  very  close  together  on  the  exposure  axis  and  for 
a  given  number  of  steps  covering  a  relatively  small  range  of  the 
scale  of  the  material.  An  instrument  of  this  type  was  constructed 
in  this  laboratory  having  a  disk  cut  so  as  to  give  exposures,  in- 
creased by  consecutive  powers  of  -y/  2    for  use  in  the  testing  of 
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photographic  printing  papers  which  have  a  scale  much  less  than 
that  of  plates,  or  for  the  very  precise  determination  of  ai  portion 
of  a  plate  characteristic,  the  increased  precision  obtained  being 
due  to  the  fact  that  three  times  as  many  points  are  deter- 
mined as  with  the  instrument  giving  exposures  increasing  by 
powers  of  2. 

A  very  complete  description  of  the  sector  wheel  sensitometer 
and  a  discussion  of  the  precision  obtainable  in  the  cutting  of  the 
disk  has  been  published  by  Sheppard  and  Mees.^  ^ 

The  chief  objection  to  the  sector  wheel  instruments  is  due  to 
the  fact  that  a  photographic  surface  does  not  in  general  integrate 
an  intermittent  exposure.  The  effect  produced,  generally  referred 
to  as  the  intermittency  efifect,  has  been  investigated  by  Abney,^^ 
Vogel,^^  Schwarzschild,^*  Howe.'^^  and  others.  Sheppard  and 
Mees  have  found  that  under  certain  conditions,  at  least,  this 
failure  of  the  plate  to  integrate  an  intermittent  exposure  is 
not  appreciable. 

It  has  been  considered  by  most  workers  in  this  field  that  such 
instruments,  when  operated  with  the  speed  of  rotation  of  the 
disk  between  certain  limits,  would  give  at  least  correct  relative 
values  of  speed  for  various  materials  and  practically  all  speed 
determinations  have  in  the  past  been  made  with  this  type 
of  sensitometer. 

In  the  course  of  the  sensitometric  work  carried  on  in  this 
laboratory,  it  was  noticed  that  certain  discrepancies  between  the 
relative  speed  values  determined  by  these  instruments  and  those 
measured  by  exposure  in  the  camera  were  occurring.  These 
were  especially  notable  in  the  case  of  the  relative  values  for 
materials  difTering  widely  in  speed,  such  as,  for  instance,  negative 
and  positive  emulsions.  In  the  determination  of  the  speed  of 
the  slow  material  with  the  sector  wheel  instrument  it  was  found 
necessary  to  multiply  the  standard  exposure  time  by  some  factor 
in  order  to  obtain  a  number  of  points  sufficient  for  the  satisfac- 
tory determination  of  the  shape  and  position  of  the  characteristic 
curve.  Then,  in  order  to  obtain  the  correct  relative  speed  value, 
the  speed  read  from  the  curve  thus  established  was  divided  by  the 
factor  used  in  increasing  the  exposure  time.  It  was  also  noted 
that  speed  values  obtained  by  using  increased  times  of  exposure 
were  not  proportional  to  such  increases  of  time,  even  on  the 
same  material.^® 
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On  account  of  the  existence  of  the  discrepancies  mentioned 
above,  it  was  decided  to  replace  the  rotating  sector  sensitometers, 
in  which  the  exposure  is  intermittent,  by  new  instruments  of 
Class  B,  giving  continuous  exposures  with  the  intensity  constant 
and  time  variable.  Several  types  were  developed,  and  in  the 
following  pages  only  brief  mention  will  be  made  of  these  and  the 
larger  part  of  the  space  devoted  to  a  detailed  description  of  the 
form  finally  adopted,  together  with  data  showing  the  difference 
between  the  performance  of  this  and  the  intermittent  machines. 

The  instruments  to  be  described  may  be  divided  into  two 
general  tA'pes :  ( i )  Those  using  a  thin  metal  plate  in  which  are 
cut  slots  of  various  lengths,  those  lengths  being  proportional  to 
the  exposures  which  it  is  desired  to  impress  on  the  sensitive 
material.  Such  plates  are  then  moved  across  the  surface  of  the 
material  to  be  exposed  at  a  velocity  which  must  be  maintained 
at  a  precisely  uniform  value  from  the  instant  at  which  the 
exposure  starts  until  it  is  terminated.  (2)  In  this  class  of  instru- 
ments the  slotted  shutter  plate,  moving  at  a  uniform  velocity,  is 
replaced  by  a  shutter  plate  which  is  caused  to  move  in  a  discon- 
tinuous manner  across  the  surface  of  the  sensitive  material.  This 
motion  is  produced  by  the  application  of  a  series  of  impulses,  each 
one  of  which  causes  the  shutter  plate  to  move  a  fixed  distance  at 
an  extremely  high  velocity,  the  time  intervals  between  the  appli- 
cation of  successive  impulses  being  so  adjusted  that  a  series  of 
exposures  increasing  by  successive  powers  of  either  2,-^/2  or 
■y^  2  as  may  be  desired,  is  impressed  upon  the  sensitive  material. 
The  distance  through  which  the  shutter  is  moved  depends  upon 
the  size  of  the  area  required  for  measurement.  The  velocity  of 
movement  is  made  as  high  as  possible  in  order  that  all  points  of 
a  given  area  shall  receive  equal  exposures.  A  consideration  of 
the  principles  involved  in  these  two  types  of  instrument  shows 
that  in  the  case  of  the  former  type  (i)  the  precision  obtainable 
depends  upon  the  accuracy  with  which  the  various  slots  in  the 
shutter  plate  can  be  cut  and  upon  the  uniformity  of  the  velocity 
with  which  that  plate  can  be  moved  throughout  the  entire  ex- 
posure period;  while  in  the  latter  case,  (2),  the  entire  burden  of 
securing  precision  is  thrown  upon  the  mechanism  which  deter- 
mines the  time  intervals  between  the  successive  impulses  applied 
to  the  shutter  plate. 

The  first  instrument  constructed,  Fig.  i,  was  of  Type  i  (Class 
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B).  An  aluminum  plate,  A,  15  cm.  wide  by  60  cm.  long,  is 
mounted  so  as  to  move  up  and  down  between  vertical  ways.  The 
weight  of  this  plate  is  balanced  by  two  counter  poise  weights, 
B,  B,  carried  at  the  ends  of  silk  cords  attached  to  the  upper  end 
of  the  plate  and  running  over  small  pulleys,  C,  C,  located  at  the 

Fig.  I. 


top  of  the  ways,  one  on  each  side.  The  plate  is  moved  up  and 
down  in  the  ways  by  means  of  a  silk  cord  attached  to  the  top  and 
bottom  of  the  plate  and  running  over  the  grooved  pulley  wheels, 
D  and  71.  of  which  the  larger  one.  /{.  is  the  driving  member,  D 
being  an  idler.  Power  is  ai)plied  to  E  through  a  train  of  gears, 
not  shown  in  the  photograph,  connected  with  the  shaft  of  the 
chronograph  drum  F.  The  train  of  gears  is  so  arranged  that  by 
moving  the  lever.  (J,  into  the  proper  position,  the  plate  may  be 
made  to  move  either  uj)  or  down,  and   the  gear   ratios  are  so 
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adjusted  that  the  linear  velocity  of  the  plate  when  moving  down 
is  sixteen  times  as  great  as  when  it  is  moving  in  the  upward  direc- 
tion. A  Leeds  and  Northrup  constant  speed-governed  motor  fur- 
nishes the  power  for  operating  the  mechanism,  and  is  connected 
to  the  shaft  of  the  chronograph  drum  by  means  of  a  worm  and 
worm-wheel.  Four  interchangeable  worm-wheels  are  provided, 
having  different  numbers  of  teeth,  so  that  angular  velocities  of 
I,  2,  4  and  8  units  may  be  imparted  to  the  drum,  thus  making 
it  possible  to  vary  the  exposure  time  over  a  considerable  range. 
In  order  to  eliminate  the  possibility  of  injury  to  the  mechanism, 
due  to  the  failure  of  the  operator  to  shut  off  power,  or  to  throw 
the  lever,  G,  into  its  neutral  position  when  the  plate  has  reached 
the  end  of  its  travel,  electric  contacts  are  placed  at  the  upper  and 
lower  ends  of  the  ways  so  that  when  the  plate  reaches  either  of  its 
extreme  positions,  a  low  voltage  circuit  is  closed,  which  energizes 
the  solenoid  /,  which  in  turn  opens  the  iio-volt  circuit  supplying 
power  to  the  driving  motor  H.  The  photographic  plate  to  be 
exposed  is  carried  in  a  plate  holder,  which  slides  into  position 
behind  the  shutter  plate  at  K.  Two  interchangeable  shutter 
plates  are  provided,  in  one  of  which  the  length  of  the  opening 
increases  by  powers  of  2  and  in  the  other  by  powers  of  -\/2. 
The  nine  steps  are  each  i  cm.  wide  and  their  lengths  are  pre- 
cisely limited  by  means  of  adjustable  steel  edges  attached  to 
the  aluminum  plate  by  screws.  In  case  of  the  very  short  steps 
the  length  is  adjusted  to  the  desired  value  by  use  of  a  micrometer 
microscope.  In  the  face  of  the  plate  holder  are  two  openings, 
each  1.5  cm.  wide  by  9  cm.  long,  and  separated  by  a  distance  of 
I  cm.,  each  opening  being  provided  with  a  dark  slide.  In  using 
the  shutter  plate  in  which  the  openings  vary  by  powers  of  ■>/  2, 
the  dark  slide  covering  the  upper  opening  in  the  plate  holder  is 
withdrawn,  while  the  shutter  plate  travels  up.  When  the  shutter 
plate  has  completed  its  upward  motion  this  dark  slide  is  pushed 
in  and  the  one  covering  the  lower  opening  is  withdrawn,  while  the 
shutter  plate  moves  down  at  sixteen  times  its  upward  velocity. 
In  this  way  a  sensitometer  strip  consisting  of  two  nine-step  por- 
tions is  obtained,  having  seventeen  steps  with  exposures  increasing 
by  powers  of  \/^  there  being  one  step  on  each,  having  equal 
exposures  for  the  purpose  of  checking.  In  case  the  shutter  plate 
having  the  steps  increasing  by  powers  of  2  is  used,  a  series  of 
nine  exposures  varying  from  i  to  256  is  obtained  by  allowing 
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the  shutter  plate  to  travel  in  one  direction  only,  and  as  this  range 
is  sufficient  for  most  cases,  it  is  not  necessary  to  make  use  of  the 
double  motion  of  the  shutter.  Both  dark  slides  may  therefore  be 
withdrawn  and  the  two  strips  exposed  simultaneously. 

In  some  instances  it  becomes  necessary  to  measure  the  inten- 
sity of  illumination  acting  on  the  photographic  plate  and  to  pro- 
vide for  such  cases  a  photometric  attachment  is  provided.  A  pair 
of  ^-inch  steel  rods,  LL,  are  mounted  in  a  horizontal  position, 
as  shown.  Moving  on  this  track  is  a  light  tight  box  M,  in  which 
is  mounted  a  small  standard  incandescent  lamp.     An  aperture  in 

Fig.  2. 


the  end  of  the  box  permits  the  light  from  this  lamp  to  fall  upon 
the  back  of  the  plate  holder  K.  Now,  in  order  to  measure  the 
intensity  of  the  illumination  incident  upon  the  plane  occupied  by 
the  photographic  plate  during  exposure,  the  plate  holder  is  re- 
moved and  in  its  place  is  inserted  the  special  photometer  head 
shown  in  Fig.  2.  The  photometer  screen  A,  consisting  of  a  block 
of  magnesium  carl)()nale  the  opposite  surfaces.  C  and  D,  of  which 
are  carefully  cleaned  by  scraping  down  with  a  steel  straight  edge 
so  as  to  be  of  equal  reflecting  powers,  is  mounted  so  that  when  the 
attachment  is  in  position  the  surface  C  lies  in  the  plane  occupied 
by  the  photographic  plate  wdien  it  is  in  position  for  exposure. 
Two  mirrors,  EE,  a  photometer  cube,  F ,  and  eye-piece,  G,  consti- 
stute  the  essential  parts  of  this  attachment  which  is  very  similar 
to  the  ordinary  Lummer-Brodhun  photometer  head.     When  this 
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is  in  position  the  surface  C  is  illuminated  by  the  light  used  for 
exposing  the  photographic  plate  while  B  is  illuminated  by  light 
from  the  standard  lamp  in  il/.  Fig.  i.  A  photometric  match  is 
made  by  running  M  back  and  forth  on  the  track  LL,  and  the 
distance  of  the  lamp  from  B  is  read  off  on  scale  N,  Fig.  i.  The 
candle-power  of  the  lamp  being  known,  the  illumination  on  B, 
Fig.  2,  and  hence  on  C  can  be  computed.  In  case  the  intensity 
of  the  exposing  light  is  extremely  variable  and  it  is  desired  to  read 
the  illumination  on  the  photographic  plate  during  exposure,  the 
magnesium  carbonate  block  B  can  be  removed  from  its  position  and 
in  its  place  can  be  inserted  a  holder  containing  the  photographic 
plate  to  be  exposed.  The  plane  of  the  plate  to  be  exposed  occupies 
the  same  plane  as  surface  C.  In  order  that  the  two  sides  of  the 
photometric  screen  shall  be  of  equal  reflecting  power,  a  second  pho- 
tographic plate  is  placed  so  that  its  face  occupies  the  plane  of 
surface  B.  In  such  a  case  the  room  in  which  work  is  being  done 
must  be  darkened  and  illuminated  only  by  the  proper  safelight. 
By  the  use  of  such  a  photometric  screen,  the  faces  of  which  are 
composed  of  photographic  plates,  the  intensity  readings  may  be 
made  while  exposure  is  taking  place.  The  entire  sensitometer 
is  mounted  on  a  heavy  metal  base  which  can  be  moved  to  any 
desired  position  on  the  track  00.  This  instrument  gave  very 
satisfactory  results,  although  considerable  difificulty  was  experi- 
enced in  obtaining  a  sufficiently  uniform  velocity  of  the  shutter 
plate,  and  in  keeping  the  various  parts  of  the  mechanism  in  good 
adjustment.  These  disadvantages,  together  with  the  fact  that 
considerable  skill  and  experience  is  required  on  the  part  of  the 
operator,  makes  the  instrument  unsuitable  for  routine  work. 

In  an  effort  to  devise  an  instrument  more  completely  automatic 
in  action,  requiring  less  attention  on  the  part  of  the  operator, 
and  at  the  same  time  giving  precisely  timed  exposures,  attention 
was  turned  to  the  second  type  (2),  of  Class  B,  in  which  a  series 
of  separate  impulses  are  applied  to  the  shutter  plate. 

For  the  purpose  of  description  such  a  sensitometer  may  be 
divided  into  two  parts :  ( i )  the  timing  device  which  closes  the 
electric  circuit  at  the  proper  instants  of  time,  thus  furnishing  the 
desired  series  of  impulses;  and  (2)  the  exposing  machine,  con- 
sisting of  the  light  source  of  constant  intensity  which  may  be 
covered  and  uncovered  at  the  proper  instant  by  an  impulse  fur- 
nished by  the  timing  device,  a  sliding  shutter  plate  so  constructed 
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as  to  be  operable  by  a  series  of  impulses  from  the  timing  device, 
a  plate  holder  carrying  the  photographic  plates  to  be  exposed,  a 
plate  holder  sHde  for  holding  the  plates  in  position  behind  the  slid- 
ing shutter,  and  the  necessary  control  keys  for  starting  and  stop- 
ping the  timing  mechanism.  The  elements  of  the  exposing 
machine  are  all  mounted  together,  forming  a  complete  unit  which 
can  be  used  in  an  undarkened  room  and  at  any  desired  position  in 
the  building  irrespective  of  the  location  of  the  timing  device. 


THE    TIMING    MECHANISM. 


As  previously  stated,  the  burden  of  obtaining  precision  in  this 
type  of  sensitometer  is  thrown  upon  the  mechanism  which  deter- 
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mines  the  time  intervals  between  successive  impulses.  After  care- 
ful consideration  and  preliminary  trials,  it  was  decided  to  adopt 
a  perforated  tape  as  a  means  of  producing  the  correctly  timed 
series  of  impulses.  This  tape  is  made  by  punching  holes  A,  B,  C, 
etc.,  spaced  at  the  proper  intervals,  in  a  strip  of  motion-picture 
film  as  shown  in  Fig.  3.  This  film  is  then  drawn  through  a  con- 
tact maker  at  a  constant  linear  velocity  by  means  of  a  mechanism 
driven  by  a  constant  speed-governed  motor.  As  each  hole  passes 
a  certain  point  in  the  contact  maker  a  contact  is  made  which 
operates  a  relay  which  in  turn  energizes  a  solenoid,  the  plunger  of 
which  is  so  arranged  as  to  move  the  shutter  plate  one  step  in  the 
desired  direction.  In  the  first  model  the  film  itself  was  allowed 
to  run  directly  between  the  two  points  of  the  contact  maker,  thus 
allowing  them  to  come  together  only  when  one  of  the  holes  came 
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into  position.  This  required  that  one  of  the  points  press  con- 
tinually on  one  surface  of  the  tilni  and  it  was  found  that  this  con- 
tact point  soon  became  fouled,  due  to  the  collection  of  dust  and 
particles  of  the  film  itself,  so  that  the  making-  of  a  good  electrical 
contact  was  very  uncertain.  A  contact  maker,  such  as  is  shown 
in  Fig.  4,  was  then  devised,  and  has  proven  very  satisfactory. 
The  figure  is  a  partial  cross  section  showing  the  film  0  in  position 
between  the  two  metal  plates  C  and  D,  which  are  separated  by  a 
distance  equal  to  about  twice  the  thickness  of  the  film.  This 
distance  is  necessan.-  in  order  that  a  splice  in  the  film  may  pass 
easily  between  the  plates.  The  arm  A,  pivoted  at  one  end  on 
the  point  H,  carries  at  the  other  end  a  screw  M,  with  a  platinum 
contact  point  L.  at  its  lower  extremity.  The  other  contact  point 
K  is  mounted  on  plate  C,  as  shown. 

\X.  a  distance  from  //,  equal  to  one-sixth  of  the  total  length 


of  the  arm  .^,  is  a  steel  lug  B  rigidly  attached  to  A  and  projecting 
through  an  opening  in  plate  C.  The  lower  extremity  of  this  lug 
rests  upon  the  upper  surface  of  the  film  O,  and  supports  the  arm 
A  at  such  a  height  that  L  and  K  are  separated  by  about  i  mm. 
When  a  hole  in  the  film  comes  into  position  under  lug  B  its  edg^e 
moves  down  by  the  thickness  of  the  film  .2  mm.,  allowing  L  to 
move  down  by  six  times  that  distance,  thus  making  a  contact 
between  L  and  K  which  completes  the  relay  circuit.  The  hardened 
steel  plate,  highly  polished  on  the  upper  surface,  is  fitted  into  an 
opening  in  plate  D,  as  shown,  and  is  pressed  upward  against  the 
lower  face  of  the  film  by  the  spring  F,  thus  keeping  the  film  pressed 
firmly  against  the  lower  face  of  plate  C  at  all  times. 

The  film  containing  the  perforation  is  pulled  through  this  con- 
tact maker  by  means  of  a  film  sprocket,  on  the  circumference  of 
which  are  rows  of  teeth  engaging  the  perforations  along  the  edges 
of  the  film.  This  sprocket  is  driven  at  a  constant  angular  velocity 
by  means  of  a  governed  motor  so  that  the  number  of  perforations 
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passing  a  given  point  in  a  fixed  time  will  be  constant.  Since  a 
long  strip  of  film  may  change  its  length  slightly  with  age  or  with 
variation  in  conditions  of  temperature  and  humidity,  the  spacing 
of  the  operating  openings  {A,  B,  C,  etc.,  Fig.  3)  is  determined 
in  terms  of  the  number  of  edge  perforations  rather  than  by  actual 
linear  measurement.  This  procedure  eliminates  any  error  of  tim- 
ing that  might  result  from  a  linear  expansion  or  contraction  of  the 
film  due  to  any  of  the  various  causes  of  change  of  length.  A 
special  punching  device  is  used  for  spacing  the  operation  openings. 
This  consists  of  a  film  sprocket  to  the  axis  of  which  is  attached 
a  large  graduated  circle  with  vernier  scale.  As  this  sprocket  is 
turned  the  film  is  pulled  through  the  punching  die  and  the  distance 
between  successive  openings  can  be  read  in  terms  of  the  number  of 
edge  perforations  to  within  .01  of  an  edge  perforation  interval. 

Since  it  was  desirable  to  operate  several  exposing  machines  at 
the  same  time,  a  central  station  (Fig.  5),  consisting  of  a  multiple 
timing  device  was  constructed,  thus  utilizing  one  governed  motor 
for  driving  several  contact  makers.  The  governed  motor  A  is 
connected  through  a  worm  and  worm  wheel  and  a  pair  of  spur 
gears  of  a  ratio  of  i  to  i  to  a  long  counter-shaft  on  which  are 
mounted  three  film  sprockets,  B,  B  ,B,  running  free  on  the  counter- 
shaft. Near  each  sprocket  and  fixed  to  the  counter-shaft  is 
mounted  an  iron-clad  magnetic  clutch,  the  soft  iron  armature  of 
which  is  attached  to  the  film  sprocket.  When  any  one  of  these 
magnetic  clutches  are  energized  the  corresponding  armature  is 
seized,  thus  causing  the  attached  film  sprocket  to  rotate  at  the  same 
angular  velocity  as  the  counter-shaft.  The  speed  of  the  motor 
and  gear  ratios  are  so  adjusted  that  the  film  liands  /i,  F  and  G  are 
drawn  through  the  contact  makers  at  the  rate  of  four  edge  per- 
forations per  second.  The  fourth  clutch,  K,  is  mounted  on  a 
separate  counter-shaft  connected  to  the  main  counter-shaft  by 
interchangeal)le  spur  gears  of  such  ratios  that  velocities  of  i,  2,  4 
8  or  16  edge  perforations  per  second  may  be  imparted  to  the 
film  band  H  at  the  will  of  the  operator,  thus  permitting  the  total 
time  of  exposure  to  be  varied  over  wide  limits.  In  case  further 
range  of  variation  is  desired,  the  pair  of  spur  gears  D  may  be 
changed,  giving  either  four  times,  or  one-fourth  of  the  standard 
rate  of  rotation,  to  the  main  counter-.shaft.  The  motor,  counter- 
shafts, and  contact  makers  are  mounted  on  a  heavy  cast-iron  base 
L,  forming  the  bottom  of  the  oak  cabinet  which  houses  the  entire 
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central  station.  On  a  shelf  above  are  mounted  fonr  relays  and 
the  eight-volt  dry-cell  battery  M  furnishing-  the  electromotive 
force  for  the  primary  relay  circuits.  In  the  rear  of  the  cabinet 
are  the  four  film  containers  R,  containing  the  film  of  the  various 
timing  tapes.  In  these  containers  the  film  is  looped  back  and 
forth  over  rollers  mounted  at  the  top  and  bottom  of  the  boxes, 
each  container  having  a  capacity  of  about  seventy  feet  of  film. 
The  film  records  after  being  punched  are  made  into  continuous 

Fig.  5. 


bands  by  splicing  the  ends  together.  They  are  then  placed  in  the 
containers  which  are  shifted  into  position,  a  loop  of  the  film  being 
pulled  out,  threaded  through  the  contact  makers  and  over  the 
guide  rollers  as  shown  in  Fig.  5.  A  spring  tension  is  provided 
inside  each  container  so  that  all  slack  is  automatically  taken  up, 
causing  the  film  to  run  uniformly,  thus  making  more  certain 
satisfactory  operation  of  the  contact  makers.  By  lowering  the 
hinged  doors  A'^,  all  of  the  mechanism  is  inclosed  in  a  dust- 
proof  case. 

As  was  stated  previously,  it  is  necessary  to  shut  off  the  expos- 
ing light  at  the  proper  instant.     This  is  accomplished  by  means 
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of  a  pair  of  auxiliary  contacts  on  the  contact  maker,  slightly  offset 
from  the  central  line  of  openings.  A  single  opening  G,  Fig.  3,  in 
the  film  band  is  punched  at  the  proper  distance  from  the  last  of  the 
main  series  of  openings  and  offset  so  as  to  come  into  position  over 
the  auxiliary  contacts.  This  pair  of  contacts  is  arranged  so  that 
the  film  band  when  in  position  in  the  contact  maker  depresses  the 
end  of  the  pivoted  lever,  the  other  end  of  which  presses  against 
the  contacts  holding  them  together.  When  the  offset  opening  G 
comes  into  position  over  the  end  of  the  lever  the  pressure  is  re- 
leased, the  contact  part  thus  opening  the  electric  circuit.  Through 
this  circuit  flows  the  current  which  energizes  the  magnetic  clutch, 
causing  the  film  sprocket  to  rotate  and  in  series  with  the  clutch  is 
a  solenoid  used  for  cutting  of¥  the  exposing  light.  In  case  an 
acetylene  burner  is  used  as  a  source,  this  solenoid  when  energized 
holds  open  a  shutter  placed  between  the  burner  and  the  plate  to  be 
exposed.  The  breaking  of  this  circuit  by  the  coming  into  position 
of  the  opening  G  de-energizesi  the  solenoid,  allowing  the  shutter 
to  close  instantly  under  the  action  of  a  coiled  spring.  At  the  same 
time  the  clutch  is  released,  causing  the  film  band  to  stop  in 
position  for  the  next  series  of  exposures.  The  acting  edge  of 
lug  B,  Fig.  4,  is  precisely  aligned  with  that  of  the  lever  operating 
the  auxiliary  contacts,  so  that  in  punching  the  film  record  the  posi- 
tion of  the  leading  edge  of  opening  G,  relative  to  that  of  F  (the 
last  of  the  central  series)  can  be  accurately  determined  by  means 
of  the  punching  die  used  for  spacing  the  central  series  of  holes. 
This  is  accomplished  by  constructing  the  punching  die  so  that  the 
punch  can  be  offset  in  a  direction  exactly  perpendicular  to  the 
linear  axis  of  the  film  strip  and  by  an  amount  such  as  to  bring 
the  offset  hole  over  the  auxiliary  contact  of  the  contact  maker. 
Fig.  3  is  a  contact  print  from  a  portion  of  one  of  the  film  bands 
actually  used.  The  direction  in  which  it  travels  through  the 
contact  maker  is  indicated  by  the  arrow.  The  dimension  lines  are 
drawn  to  the  leading  edge  of  each  opening  which  are  so  spaced  as 
to  give  a  series  of  exposures,  increasing  by  consecutive  powers  of 
two.  This  record,  run  at  four  perforations  per  second,  gives 
exposures  of  .312,  .625,  1.25,  2.50,  5.00  and  lo.o  seconds'  duration. 
It  is  evident  that  any  desired  series  of  exposures  may  be  given 
by  proper  spacing  of  the  openings  in  the  film  bands.  This  flexi- 
bility constitutes  one  of  the  chief  advantages  of  this  type  of 
timing  device. 
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THE   EXPOSING   MACHINE. 

In  Fig.  6  is  shown  one  of  the  complete  exposing  machines,  A 
being  the  lamp-house  inclosing  the  standard  acetylene  burner,  and 
the  shutter  which  terminates  the  exposure,  together  with  its  opera- 
tion solenoid.  The  extension  bellows  B,  providing  for  the  adjust- 
ment of  the  lamp  distance,  connects  the  lamp-house  with  the 
extension  box  C,  which  is  fitted  with  filter  holders,  carrying  the 
acetylene  to  daylight  filter,  or  any  other  filter  or  filters  that  it  may 
be  necessary  to  use. 

The  housing,  D,  incloses  the  shutter  plate,  the  mechanism 

Fig.  6. 


for  its  operation  and  the  plate  holder  slide.  H  is  a  small  pilot  light 
in  series  with  the  magnetic  clutch  of  the  timing  mechanism  and 
the  solenoid  operating  the  lamp-house  shutter  serving  when 
lighted  as  an  indication  that  the  mechanism  is  operating.  The 
starting  key  £  is  a  tapping  key  of  the  ordinary  type  wired  in 
parallel  with  the  auxiliary  contact  of  the  timing  mechanism. 
When  this  key  is  depressed  the  magnetic  clutch  is  energized, 
pulling  the  film  forward,  thus  displacing  hole  G,  Fig.  3,  and 
closing  the  auxiliary  contact.  Key  E  can  then  be  released  without 
opening  the  clutch  circuit,  the  clutch  remaining  energized  until 
hole  G  again  comes  into  position  under  the  auxiliary  contact. 
The  member  F  releases  the  mechanism  so  that  the  shutter  plate 
may  be  pulled  ])ack  to  its  initial  position  for  starting  a  .series  of 


k 


3i8 


LoYD  A.  Jones. 


[J.F.I. 


exposures.  K  is  the  plate  holder  slide  and  L  the  plate  holder 
used  in  this  particular  instrument.  In  Fig.  7  is  shown  an  end 
view  of  exposing  machine  opened  so  as  to  disclose  the  shutter 
plate  and  the  operating  mechanism  above.  The  solenoid  S,  being 
energized  by  the  timing  device,  furnishes  the  power  for  moving 
the  shutter  plate. 

The  shutter  plate  moves  in  the  horizontal  direction  and 
through  a  distance  of  i  cm.  at  each  impulse.  The  openings  in 
the  front  of  the  plate  holder  are  10  cm.  long  by  i  cm.  wide,  giving 
an  exposed  area  of  these  dimensions  on  the  photographic  plate, 

Fig.  7. 


each  strip  consisting  of  ten  steps,  each  i  cm.  square.  It  will  be 
noted  that  the  shutter  plate  used  in  this  machine  has  two  project- 
ing portions  YY,  on  the  right-hand  edge.  These  are  3  cm.  long 
and  are  so  spaced  relative  to  the  openings  in  the  plate  holder  that 
the  upper  opening  of  each  group  of  four  is  covered  by  the  project- 
ing portions.  At  the  start  of  the  exposing  operation  the  edge  X 
is  coincident  with  the  edges  of  the  opening  in  the  plate  holder, 
thus  completely  protecting  the  photograi)hic  j)late  from  the  action 
of  the  exposing  light  after  the  dark  slides  of  the  plate  holder  are 
pulled  out.  Exposure  of  three  strips  of  each  group  of  four  begins 
with  the  fir.st  impulse  while  the  other  two  strips  are  protected 
by  the  projections  YY ,  until  the  application  of  the  fourth  im- 
pulse.    This  arrangement  is  provided  in  order  that  one  strip  of 
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each  group  of  four  shall  receive  only  one-eighth  as  much  exposure 
as  the  other  three. 

A  tablet  consisting  of  strips  of  the  standard  tricolor  filters  A 
(red),  B  (green),  C  (blue),  and  Dummy,  is  placed  inside  the  plate 
holder,  the  dummy  filter  being  over  the  opening  lying  behind  the 
projections  on  the  shutter  plate.  This  instrument  is  used  for  the 
determination  of  the  exposure  factors  of  color  sensitive  materials 
for  the  tricolor  taking  filters  and  is  known  as  the  tricolor  sensi- 
tometer.  In  the  instruments  used  for  ordinary  speed  testing,  a 
shutter  plate  with  a  straight  edge  is  used,  the  projections  being 
unnecessary  when  all  the  strips  being  exposed  are  to  receive 
equal  exposures. 

In  Fig.  8  is  shown  the  wiring  diagram  of  the  complete  appa- 
ratus, the  circuits  of  the  exposing  machine  being-  shown  to  the 
right  of  the  figure  and  those  of  the  central  station  timing  mechan- 
ism at  the  left.  In  order  to  simplify  the  description  of  this  figure 
the  meaning  of  each  symbol  will  be  given  in  tabular  form 
as  follows : 

Q  =  Main  line  switch.  /    =  Lever   operating   auxiliary   con- 

N  ^  Motor  switch.  tact. 

.V  ^  Constant       speed      governed  P  =z  Magnetic  clutch. 

motor.  W  =  Clutch  armature. 

B  =  Condenser   for   suppression   of  R  =:  Film  sprocket. 

spark  on  gap  C.  Z  =z  Countershaft. 

C  =^  Governor  contacts.  0  =^  Slip  ring  and  brush  carrying 
D  =  Shunted  resistance  coil.  current  to  clutch  winding. 

L  =  Eight     volt     battery     on     relay  E  =  Solenoid  operating  shutter  plate. 

circuit.  F  =  Pilot  lamp. 

K  =:  Main  contact  of  contact  maker.  G  =  Solenoid  operating  lamp-house 
V  =  Condenser  to  choke  spark  at  K.  shutter. 

U  =  Condenser   to    choke    spark    on  //  =  Starting  contact. 

relay  contact.  T  =  Condenser  for  choking  spark  at 
X  -=^  Portion  of  film  band.  H  and  A. 

y  :=  Portion  of  film  band.  5"   =^  Four  point  plug  connector. 
A  =  Auxiliary  contact. 

In  Fig.  8  are  shown  the  circuits  for  a  single  instrument  and 
these  circuits  are  duplicated  for  each  additional  unit.  One  part  of 
the  four  plug  connectors,  S,  is  moimted  on  the  central  station 
cabinet,  the  other  being  wired  to  the  end  of  the  cable  leading  to  the 
exposing  machine.  The  connections  are  made  interchangeable  so 
that  any  one  of  the  exposing  machines  may  be  plugged  in  on  any 
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one  of  the  four  timing  mechanisms  in  the  central  station,  making 
a  very  flexible  and  convenient  arrangement. 

In  Fig.  9  is  shown  a  special  sensitometer  built  on  the  same 
principle  as  the  ones  just  described.  This  is  built  to  be  used  in 
a  dark  room  and  is  for  convenience  provided  with  its  own  gov- 
erned motor  A,  and  contact  maker  C,  although  it  may  also,  if 
desired,  be  operated  from  the  central  station,  shown  in  Fig.  5. 
The  exposing  machine  is  at  B  and  the  light  source  in  the  housing 
D.  In  Fig.  10  is  shown  a  detail  of  the  shutter  plate,  the  mechan- 
ism for  its  operation  and  the  holder  for  the  sensitive  material  to 
be  exposed.     This  was  constructed  primarily  for  the  testing  of 


Fig.  8. 
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photographic  printing  papers  and  takes  an  8x10  sheet  of  the 
material.  The  paper  is  placed  in  position  in  front  of  the  board  E, 
which  is  then  turned  into  a  vertical  position  and  locked,  holding 
the  sheet  of  paper  in  i)lace  during  exposure.  In  case  it  is  not 
desired  to  expose  the  entire  surface,  a  suitable  template  with 
narrow  vertical  openings,  or  with  a  series  of  small  circular  aper- 
tures, may  be  placed  in  the  holder  before  inserting  the  sensitive 
material.  In  this  way  sensitometric  exposures  may  be  impressed 
near  the  edges  of  a  sheet  while  the  centre  is  reserved  for  printing 
from  a  negative,  thus  giving,  when  developed,  the  sensitometric 
characteristic  and  a  picture  upon  the  same  sheet  of  sensitive  mate- 
rial and  also  assuring  identical  treatment  in  the  development  of  the 
two.    The  mechanism  is  so  arranged  as  to  give  twenty-five  expos- 
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Fig.  9. 
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ure  steps  and  since  papers  as  a  rule  have  relatively  short  scales, 
film  records  giving  a  series  of  exposures,  increasing  by  powers  of 
■\/~  or  "y/^,  are  usually  used  in  order  to  provide  a  sufficient 
number  of  points  for  the  precise  determination  of  the  shape  of  the 
characteristic  curve.  Photographic  plates,  8  x  lo  inches,  may  be 
exposed  in  this  machine  with  equal  facilit}'.  A  detail  view  of 
the  lamp-house  is  shown  in  Fig.  1 1.  An  electric  incandescent  lamp 
inside  the  housing  illuminates  a  sheet  of  opal  glass    (10x12 

Fig.  II. 


inches),  set  in  front  of  the  lamp-house  behind  the  door  frame  F. 
A  set  of  metal  plates  of  the  same  dimension  as  the  opal  glass  is 
provided  in  which  are  cut  circular  apertures  of  various  dimen- 
sions, the  area  of  the  aperture  increasing  from  plate  to  plate  by 
powers  of  2.  Any  one  of  these  may  be  held  in  position  over  the 
opal  glass  thus  limiting  the  effective  area  of  glass  used  as  a  source. 
In  order  to  still  further  vary  the  intensity  of  illumination  incident 
on  the  material  being  exposed,  the  distance  between  the  opal  glass 
and  the  exposing  machine  may  be  varied  and  read  from  a  scale 
attached  to  the  track  on  which  the  exposing  machine  moves.  The 
solenoid  G  (equivalent  in  function  to  G,  Fig.  88)  terminates  the 
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exposure  at  the  proper  instant,  not  by  operation  of  a  shutter,  as 
in  the  case  of  instruments  using  the  acetylene  as  a  Hght  source, 
but  by  opening  the  switch  [[',  through  which  current  flows  to  the 
lamp  in  the  lamp-house  and  to  the  operating  motor.  The  start- 
ing contact  is  at  H,  the  rheostat  controlling  the  lamp  current 
is  operated  by  the  hand  wheel  K,  and  voltage  applied  to  the  lamp 
used  as  source  is  read  from  the  voltmeter  V. 

In  Fig.  12  is  shown  another  variation  of  the  same  type  of 

Fig.  12. 


sensitometer,  a  stepped  shutter  plate  C,  being  used  instead  of  the 
straight  edge  type  employed  in  the  instruments  previously  de- 
scribed. The  plate  holder  carrying  the  photographic  plate  is 
inserted  at  A,  in  the  hinged  back  E,  which  in  use  folded  up  against 
the  frame  F,  thus  holding  the  photographic  plate  in  position 
directly  behind  the  shutter  plate  C.  Exposure  takes  place  through 
the  slot  B.  The  shutter  plate  C,  when  either  in  the  initial  or  final 
positions,  completely  covers  slot  B,  thus  protecting  the  sensitive 
material  from  action  of  the  exposing  light.  Each  time  the  sole- 
noid G  is  energized  the  shutter  plate  is  moved  one  step  to  the 
right.     Handle  D  is  provided  for  pulling  the  shutter  plate  back 
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to  its  starting  position.  This  type  has  the  advantage  that  no 
auxihary  device  for  terminating  the  exposure  at  a  precise  instant 
of  time  is  necessary,  this  being  done  by  the  last  of  the  series  of 
impulses  applied  to  the  solenoid  by  the  contact  maker  which 
moves  the  shutter  plate  into  a  position  such  that  it  covers  the 
slot  B  through  which  exposure  takes  place.  On  the  other  hand, 
it  has  the  disadvantage  that  only  one  strip  can  be  exposed  at  a 
time,  which  is  a  serious  objection  where  it  is  necessary  to  ex- 
pose a  large  number  of  strips.  The  number  of  strips  exposed 
simultaneously  could  be  considerably  increased  by  increasing  the 
horizontal  dimension  of  each  step  of  the  shutter  plate,  but  such 
procedure,  if  pursued  to  any  extent,  would  result  in  an  excessively 
long  shutter  plate  and  increase  the  burden  of  the  solenoid  by 
making  it  necessary  to  move  the  shutter  plate  through  a  consider- 
able distance  at  each  impulse.  This  instrument  may  also  be  oper- 
ated from  the  central  station,  shown  in  Fig.  5,  the  solenoid,  G, 
Fig.  5,  being  eliminated  and  the  auxiliary  contact  and  the  offset 
opening  G,  Fig.  3,  being  used  merely  to  de-energize  the  magnetic 
clutch  and  stop  the  movement  of  the  film  band. 

PERFORMANCE  TEST. 

In  order  to  determine  the  precision  obtainable  with  these 
sensitometers  the  following  series  of  tests  were  made.  A  pair  of 
contact  prints  were  mounted  on  one  of  the  exposing  machines 
in  such  a  way  that  the  movement  of  the  solenoid  under  the  action 
of  the  impulse  from  the  contact  maker  closed  an  electric  circuit 
operating  one  of  the  pens  of  a  chronograph,  the  other  pen  being 
operated  by  a  pendulum  adjusted  to  a  period  of  one  second.  A 
film  band  was  carefully  punched  to  give  a  series  of  exposures 
increasing  by  powers  of  2.  This  was  placed  in  position  and 
three  complete  runs  made,  the  time  intervals  being  determined  by 
comparing  the  records  made  by  the  two  pens  on  the  chronograph 
sheet.  When  operated  at  normal  speed  the  second  interval  on  the 
chronograph  was  about  i  cm.  long.  This  gave  sufficient  precision 
for  time  intervals  greater  than  four  seconds,  but  for  shorter  times 
the  chronograph  drum  was  geared  up  so  as  to  give  distance  of 
approximately  5  cm.  per  second.  In  the  following  table  are  given 
the  results  of  three  independent  sets  of  values  determined  in  tliis 
way,  the  group  of  longer  time  intervals  being  determined  with  the 
chronograph   operating  at  normal  speed  and  those  relative  to 
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shorter  intervals  with  the  drum  rotating  approximately  five  times 
as  fast.  It  will  be  noted  that  in  the  first  group  the  mean  error 
is  -[-.25  per  cent.,  while  in  the  group  of  shorter  intervals  the  mean 
error  is  -.35  per  cent.  The  fact  that  all  of  the  errors  in  the  first 
case  are  positive  is  due  to  the  fact  that  the  governed  motor  was 
ruiming  at  slightly  too  low  a  speed,  while  in  the  case  of  the 
shorter  periods,  an  eft'ort  having  been  made  to  correct  the  error 
noted,  the  speed  was  slightly  too  great.  The  main  difficulty  in 
obtaining  precisely  timed  intervals  seems  to  lie  in  the  adjustment 
and  performance  of  the  constant  speed  motor  rather  than  in  the 
perforation  of  the  tape  and  action  of  the  contact-making  mechan- 
ism. However,  the  errors  shown  in  Table  I  are  so  much  smaller 
than  other  errors  encountered  in  sensitometric  work  as  to  be 
quite  negligible. 

Table  I. 

Computed  Values 

ist 


2nd 


Observed  Values  (Records) 
3rd  Mean       Error 


128  seconds  128.  i 

64  seconds 64.10 

32  seconds  32.07 

16  seconds  16.01 

8  seconds  8.03 

4  seconds 4.00 

8  seconds 8.00 

4  seconds 3.99 

2  seconds 1.99 

I  second    0.996 

0.5  second    0.496 


per  cent 

128.3 

128.3 

128.2 

+  .16 

64.15 

64.16 

64.14 

+  .22 

32.08 

32.12 

32.09 

+  .28 

16.03 

1599 

16.01 

+  .06 

8.01 

8.02 

8.02 

+  ■25 

4.04 

403 

4.02 

+  ■50 

Mean 

+  .24 

7.98 

7.98 

7-99 

—  .12 

4.00 

3^98 

3^99 

—  ■25 

1.98 

1.99 

1.99 

—  ■50 

0.992 

0.998 

0^995 

—  ■50 

0.497 

0.500 

0.498 

—  .40 

Mean 

—  ■35 

COMPARATIVE  RESULTS. 


As  Stated  previously,  it  was  found  when  using  the  sensi- 
tometers  of  the  sector-wheel  type  giving  intermittent  exposures, 
that  an  increase  or  decrease  in  the  exposure  time  did  not  produce  a 
proportional  increase  or  decrease  in  the  speed  values  obtained. 
Such  discrepancies  are  due  to  the  intermittency  effect,  the  exist- 
ence of  which  is  well  known.  (See  previous  references  12,  13, 
14  and  15.)  These  errors  are  eliminated  by  use  of  the  non-inter- 
mittent exposing  machines  described  in  this  paper.  That  no  such 
effect  can  exist  with  this  type  of  instrument  is  entirely  obvious 
from  a  theoretical  consideration  of  the  subject,  but  in  order  to 

Vol.  189,  No.  1131 — 24 


326  LoYD  A.  Jones.  [J-  F.  I. 

prove  the  point  experimentally  a  series  of  tests  were  made,  using 
record  tapes  punched  to  give  different  exposure  times.  All  gave 
exposures  increasing  by  powers  of  2,  the  first  or  normal  (iV) 
giving  an  exposure  of  80  seconds  to  the  area  of  maximum  ex- 
posure. In  the  cases  of  the  other  record  tapes  used  No.  2  (2iV) 
gave  160,  No.  3  (4A^)  gave  320,  and  No.  4  (8iV)  gave  640  seconds 
to  the  corresponding  areas  of  the  sensitometer  strips.  The  results 
are  shown  in  Table  II. 


Table 

II 

No. 

Tape 

Time  (Max 

.)  Speed 

AS 

Y 

Av 

I 

N 

80 

10.8 

+  .25 

0.92 

—  .06 

2 

2N 

160 

10.6 

+  •05 

1. 00 

+  .02 

3 

4N 

320 

10.4 

—  •15 

1. 00 

+  .02 

4 

8N 

640 

10.4 

—  •15 

1. 00 

+  .02 

Mean 

10.55 

.98 

It  will  be  noted  that  both  speed  and  gamma  values  are  inde- 
pendent of  absolute  value  of  the  exposure  time. 

The  results  of  a  similar  series  of  tests  made  on  the  intermittent 
sensitometer  are  shown  in  Table  III,  together  with  a  determina- 
tion made  on  the  non-intermittent  machine.  It  will  be  noted  that 
a  decided  decrease  in  speed  occurs  as  the  exposure  time  is  in- 
creased, while  the  gamma  values  for  fixed  time  of  development 
increase  slightly.  The  speed  obtained  by  non-intermittent  expos- 
ure is  higher  than  any  measured  by  the  intermittent  method,  while 
the  gamma  value  is  decidedly  less. 


Table 

III. 

No. 

Exp. 

Time  (W 

ax.) 

Speed 

y 

I 

%N 

10 

107.0 

2.12 

2 

V4N 

20 

95-5 

2.19 

3 

'AN 

40 

83.8 

2.23 

4 

N 

80 

73.0 

2.27 

5 

2N 

160 

60.8 

2.25 

6 

4N 

320 

49-5 

2.29 

Non-intermitten 

t. 

7 

N 

80 

125.4 

1-43 

In  Fig.  13  is  shown  the  general  relation  between  the  char- 
acteristic curve  determined  on  the  sector-wheel  sensitometer  and 
that  obtained  by  the  non-intermittent  method  (Fig.  13),  curve  B 
being  that  given  by  the  former  and  A  by  the  latter  instrument. 
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It  will  be  noted  that  the  density  difference  between  the  two  curves 
becomes  greater  as  the  exposure  diminishes.  It  will  be  remem- 
bered that  the  sector-wheel  diminishes  the  exposure  from  step  to 
step  by  use  of  slots  of  smaller  and  smaller  angular  dimensions, 
so  tliat  the  ratio  of  the  rest  interval  to  the  exposure  interval  for 
each  revolution  of  the  sectors  become  greater  toward  the  low 
exposure  end  of  the  strip.  The  loss  of  density  due  to  intermit- 
tency  is  therefore  proportional  to  the  ratio  of  rest  to  exposure. 
This  is  in  agreement  with  the  work  of  Schwarschild  and  Abney 
(loc  cit.). 

The  magnitude  of  the  intermittency  effect  varies  to  a  great 
extent  for  dift'erent  kinds  of  plates.  This  is  shown  by  the  data 
given  in  Table  IV.  The  various  plates  used  are  designated  by 
letter  as  follows : 

A.  Very  slow  ordinary. 

B.  Very  slow  ordinary. 

C.  ^Medium  speed  panchromatic. 

D.  Medium  speed  ordinary. 

E.  Fast  ordinary. 

F.  Fast  ordinary. 


Table  IV. 

Time  (Max.) 

A 

B 

c 

D 

E 

F 

20 

131 

115 

107 

210 

40 

115 

108 

103 

140 

80 

100 

100 

100 

100 

100 

100 

160 

99 

93 

83 

90 

96 

75 

320 

97 

83 

68 

79 

90 

55 

N( 

on-intermittent. 

80 


103 


171 


107 


The  speed  values  obtained  by  the  sector-wheel  sensitometer 
with  normal  exposure  are  in  each  case  taken  as  100,  and  all  others 
expressed  relative  to  those  values. 

The  data  given  in  Tables  II,  III  and  IV  serve  to  show  the 
relative  performance  of  the  sector  wheel  and  non-intermittent 
instrument.  It  will  be  noted  that  a  considerable  discrepancy 
exists  between  the  relative  values  determined  with  the  non-inter- 
mittent sensitometer  and  those  determined  by  means  of  the  sector- 
wheel  instrument.  Further,  that  the  relative  values  determined  by 
the  sector  instrument  are  dependent  upon  the  absolute  value  of  the 
exposure  time  taken  as  a  standard. 
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The  sensitometers  of  Type  2,  Class  B,  described  in  this 
paper,  have  been  in  use  in  this  Laboratory  for  some  time.  Some 
of  them  were  constructed  as  early  as  19 16,  and  have  been  in  con- 
tinuous use  since  that  time.  In  g^eneral,  they  have  proven  ex- 
tremely satisfactory,  although  of  course  certain  defects  were 
present  in  the  first  models  constructed.  Although  a  certain 
amount  of  attention  is  required  to  keep  them  in  good  running 
condition,  they  have  not  given  much  trouble  in  that  respect,  and 
do  not  require  highly  skilled  operators.  The  instruments  operated 
from  the  central  station,  shown  in  Fig.  5,  are  especially  adapted 
for  routine  work  and  are  almost  entirely  automatic  in  their  action. 

Fig.  13. 
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it  only  being  necessary  to  close  the  main  switch  supplying  the 
current  to  the  no  circuit  and  to  depress  the  working  key  on  the 
exposing  machine.  The  action  from  that  time  on  is  entirely 
automatic  and  is  automatically  terminated,  when  the  desired  scries 
of  exposures  has  been  impressed  on  the  photograiihic  plate. 

The  data  presented  in  this  paper  are  fragmentary  and  not  in- 
tended as  a  treatment  of  the  subject  on  the  intcrmittcncy  effect, 
but  only  to  illustrate  the  difference  between  the  results  obtained 
with  sector  wheel  and  non-intermittent  sensitometers.  A  con- 
siderable amount  of  data  has  already  been  accumulated  which, 
together  with  the  results  of  further  work  now  in  jirogress,  the 
author  hopes  in  the  near  future  to  present  in  a  paper  dealing  with 
the  general  subject  of  intermittency. 

In  closing,  the  author  desires  to  acknowledge  his  indebtedness 
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to  Dr.  W.  W.  Sleator  for  the  chronographic  tests  of  the  timing 
mechanism  and  to  Mr.  Emory  Huse  for  the  experimental  work 
in  obtaining  the  sensitometric  data  given  in  the  latter  part  of 
the  paper. 
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French  Railroad  Construction  During  the  War.  (La  Nature, 
January  3,  1920.) — The  war  naturally  stopped  all  extensions  of 
railways  except  those  of  great  importance.  There  were  two  new 
lines  completed  on  the  Paris-Lyons-Mediterranean  System.  The 
first  runs  from  Frasne,  Department  Doubs,  to  Vallorbe  in  Switzer- 
land. It  shortens  the  route  from  Paris  to  Milan.  Though  its 
length  is  only  15  miles,  two  considerable  difficulties  of  construc- 
tion had  to  be  overcome.  The  marsh  of  Sainte-Marie  had  peat 
and  mud  to  a  depth  of  200  feet,  and  was  crossed  on  a  filling  of 
rocky  material  resting  on  the  quagmire,  which  was  forced  into 
waves  on  both  sides  of  the  line.  Mont  d'Or  was  pierced  by  a 
tunnel  more  than  three  miles  long.  At  one  place  a  flow  of  water 
amounting  to  1300  gallons  per  second  was  encountered,  and  later 
a  second  flow  of  twice  the  former  amount  interfered  with  operations. 

The  other  line  finished  in  war  time  was  near  Marseilles  and 
completed  a  second  trunk  line  from  Paris  to  the  Mediterranean 
port.  Its  outstanding  feature  is  a  metallic  viaduct  across  the 
Lake  of  Caronte  of  half  a  mile  length  with  a  turn-bridge  at  the 
maritime  canal. 

G.  F.  S. 
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The  Detection  of  Invisible  Objects  by  Heat  Radiation.  S.  O. 
Hoffman.  (Phys.  Rev.,  August,  1919,  p.  163.) — In  1918  the 
United  States  Army  started  to  devise  methods  for  detecting  men 
and  inanimate  objects  which  were  at  a  higher  temperature  than 
adjacent  things  by  means  of  the  emitted  radiation.  A  thermopile 
was  placed  at  the  focus  of  a  parabolic  mirror.  The  radiation  from 
the  warmer  object  fell  on  the  mirror  and  was  reflected  to  the 
thermopile  where  it  produced  an  electric  current  which  was  ob- 
served by  means  of  a  galvanometer.  It  was  possible  to  detect  a 
man  600  feet  away.  "  A  man  lying  in  a  depression  in  the  ground  at 
a  distance  of  400  feet  was  detected  unfailingly  as  soon  as  he  showed 
the  upper  part  of  his  face  above  ground."  Secret  signalling  could 
be  carried  on  by  covering  and  uncovering  the  face.  This  apparatus 
was  sent  to  the  A.  E.  F.  in  August,  1918. 

An  aeroplane  at  an  altitude  of  3500  feet  could  be  picked  up  by 
such  an  instrument  and  its  course  followed.  A  wisp  of  cloud  pro- 
duced confusion  by  causing  as  large  a  deflection  as  the  aeroplane 
did,  but  the  two  possible  causes  were  different  ii>  the  way  in 
which  the  galvanometer  deflection  began.  C   F  S 

The  Use  of  Electricity  in  Agriculture :  With  Special  Reference 
to  Its  Development  in  Germany.  J.  F.  Crowley.  {Journal  of  the 
Royal  Society  of  Arts,  October  10,  1919.) — There  has  been  an 
astonishing  increase  in  the  application  of  electricity  to  agricultural 
operations  in  Germany  during  the  present  century.  In  Saxony,  at 
least,  electricity  was  thus  employed  to  a  larger  extent  by  small  or 
moderate  holders  rather  than  by  large  farmers.  Rural  cooperative 
societies  are  common.  In  1901  there  was  one;  in  1913  more  than 
600.  Some  societies  develop  electrical  current  themselves,  while 
others  merely  distribute  it. 

On  each  hundred  acres  of  cultivated  land : 

(i)  The  British  farmer  feeds  from  40  to  50  persons,  the  German 
farmer  feeds  from  70  to  75  persons. 

(2)  The  British  farmer  grows  15  tons  of  corn,  the  German 
farmer  grows  33  tons. 

(3)  The  British  farmer  grows  11  tons  of  potatoes,  the  German 
farmer  grows  55  tons. 

(4)  The  British  farmer  produces  4  tons  of  meat,  the  German 
farmer  produces  4J-4  tons. 

A  chief  factor  in  favor  of  the  German  farmer  is  his  increased 
use  of  artificial  fertilizers.  (•    y    <^ 

In  the  Journal  of  the  Royal  Society  of  Arts  for  October  17,  24, 
and  31,  1919,  is  ])ublishcd  a  scries  of  three  Cantor  lectures  on  "  Coal 
and  Its  Conservation,"  by  William  A.  Boni:.  It  will  be  remem- 
bered that  this  eminent  authority  leclured  at  Tin-.  ]m<an'klin  Insti- 
tute a  few  years  ago. 


THE  RELATIVE  MERITS  OF  MONOCULAR  AND 
BINOCULAR  FIELD-GLASSES.=:=  f 

THE  RESULTS  OF  AN  INVESTIGATION   UNDERTAKEN   BY   THE  SUB-COMMITTEE  OF  THE 

NATIONAL  RESEARCH  COUNCIL  ON  "MONOCULAR  VeVSUS 

BINOCULAR    FIELD-GLASSES." 


EDWARD  P.  HYDE.  Chairman,^ 

P.  W.  COBB, 

H.  M.  JOHNSON,  . 

W.  WENIGER. 

PART   III. 

Field  Tests  at  Camp  Meade,  Maryland. 

The  work  herein  reported  consists  of  practical  field  tests  con- 
ducted with  monocular  and  binocular  glasses  of  identical  optical 
design.  The  binoculars  were  of  the  type  EE,  Bausch  &  Lomb  Co., 
6-power,  the  left  limb  being  fitted  with  a  mil  scale  and  an  Eames 
aiming  scale.  For  the  purpose  of  a  strictly  comparative  test  this 
last  detail  is  superfluous  and  undesirable,  presumably  causing  a 
certain  interference  with  vision  to  an  undetermined  degree  not 
present  in  the  case  of  the  monoculars,  but  it  had  to  be  admitted 
since  there  were  no  other  glasses  available.  The  monoculars  were 
without  this,  being  exactly  like  the  right  limb  of  the  binoculars 
devoid  of  all  (to  them)  superfluous  parts. 

The  tests  were  four  in  number : 

( 1 )  A  general  daylight  test,  in  which  a  single  man  was  the 
object  of  vision, 

(2)  A  twilight  test,  similarly  planned,  but  carried  out  late 
in  the  day  until  terminated  by  darkness, 

(3)  A  counting  test,  in  which  groups  of  men  varying  in 
number  appeared  at  stated  places,  and 

*  Communicated  by  Edward  P.  Hyde. 

t  Concluded  from  p.  223,  Vol.  189,  February,  1920. 

*  The  Committee  is  indebted  to  Messrs.  Cobb  and  Weniger  for  practically 
all  of  the  experimental  work. 
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(4)  A  timing  test,  in  which  the  time  was  determined  required 
to  get  the  glass  from  the  place  where  it  is  usually  carried  and  re- 
port on  an  object  resolvable  only  with  the  glass. 

In  addition,  one  other  item  is  here  discussed. 

(5)  The  opinions  of  the  observers  as  to  the  relative  advantage 
of  the  two  types  of  glasses  and  their  reasons  for  the  same. 

For  the  first  three  of  these,  the  observers,  forty-eight  in 
number,  or  a  few  less  than  this,  were  officers  ranking  from  sec- 
ond lieutenant  to  captain.  As  nearly  as  possible,  one-half  of  this 
number  were  equipped  with  binoculars,  the  other  half  with 
monoculars;  exchanges  were  made  in  the  course  of  the  work  in 
such  a  way  as  to  give  each  observer  the  same  amount  of  work  with 
each,  and  to  have  his  work  with  each  of  the  two  types  of  glass 
distributed  as  nearly  as  possible  in  the  same  way  over  the  whole 
course  of  experimentation. 

The  purpose  of  the  test  was  explained  to  the  observers  and 
detailed  instructions  were  given  them  concerning  the  adjustments 
of  the  two  types  of  glass  and  the  method  of  holding  each  so  as  to 
obtain  maximum  steadiness  by  resting  the  fingers  against  the 
forehead  or  against  the  forehead  and  nose.  Special  stress  was 
laid  on  the  fact  that  when  using  the  monocular  the  eye  not  in  use 
should  be  kept  open  to  avoid  eye-strain,  as  well  as  to  induce  the 
least  disturbance  of  the  pupil ;  and  that  the  best  means  of  accom- 
plishing this  and,  at  the  same  time,  of  permitting  focussing  and  at- 
taining maximum  steadiness  was  to  hold  the  monocular  with  the 
objective  at  higher  level  than  the  eye-piece,  using  the  left  hand  for 
the  right  eye  or  znce  versa,  thus  bringing  the  wrist  in  front  of  the 
unused  eye,  placing  the  little  finger  below  the  objective  mounting, 
the  second  and  third  fingers  on  the  top  of  the  instrument  and 
gripping  the  eye-piece  housing  between  the  forefinger  and  thumb. 

The  visual  objects  upon  which  these  three  tests  depend  were 
men  in  khaki  uniform,  eleven  in  number,  ten  privates  and  one 
sergeant.  They  appeared  at  fixed  points  in  the  field,  according 
to  a  prearranged  program  which  was  not  the  same  for  any  two 
runs.  For  tests  (i)  and  (2),  however,  the  general  plan  of  the 
program  was  the  same,  and  it  will  l)e  descril^ed  in  detail  once 
for  both. 

The  ground  used  for  tests  (i),  (2).  and  (3)  lies  in  the  eastern 
part  of  Camp  Meade,  the  observers  l^eing  located  (see  map.  Fig. 
10)  on  the  top  of  a  low,  broad  hill  situated  in  the  bend  of  the 


Marcli.  19^0.]       Relative  Merits  of  Field-Glasses.  333 

concrete  road  which  leads  eastward  from  the  W.  B.  &  A.  loop 
station  and  turns  toward  the  north.  The  observers  looked  in  a 
northerly  direction,  somewhat  easterly,  and  were  given  complete 
freedom  in  choosing  their  posture.  Many  of  them  were  seated 
on  camp  chairs  and  other  suitable  articles  after  the  first  day.  The 
appearance  of  the  landscape  is  shown  in  the  photograph  (Fig.  11) 
where  also  are  shown  the  various  locations  of  the  men  who  acted 
as  visual  objects,  designated  by  capital  letters.  The  location  of 
these  stations  is  similarly  indicated  on  the  map. 

In  the  daylight  and  the  twilight  work,  tests  (i)  and  (2),  but 
one  man  appeared  at  a  time,  coming  from  a  concealed  position  to 
his  designated  place  of  exposure,  according  to  schedule,  standing 
there  facing  the  observer  for  fifty  seconds,  and  then  either  raising 
an  arm  to  the  horizontal  or  aiming  a  rifle,  to  the  left  or  to  the 
right  as  the  schedule  called  for,  for  ten  seconds.  This  applies 
to  the  men  at  Stations  A,  B,  C,  D,  E,  F,  G,  and  H.  The  man  at  E 
was  located  in  the  woods  and  could  only  be  seen  between  the  tree- 
trunks.  His  action  consisted  in  w^alking  a  certain  exposed  beat 
for  one  minute,  either  without  a  rifle  or  with  a  rifle  at  right 
shoulder.  In  the  cases  of  X,  Y,  and  Z  the  action  consisted  in 
either  aiming  a  rifle  or  pointing  w^ith  the  hand  at  the  observers. 

The  conditions  as  to  distance,  background,  etc.,  under  which 
the  men  at  each  of  these  stations  was  to  be  seen  are  given  in  the 
following  summary : 

A — II 80  yards.  Seen  against  meadow  hillside  about  150  to 
200  feet  beyond  him.  Stands  among  small  bushes,  not  con- 
cealed by  them.  Not  much  stereoscopic  effect  noted  on  viewing 
with  binoculars. 

B — 1440  yards.  Concealed  from  waist  line  down  by  inter- 
vening elevation ;  background  is  a  spur  of  the  wood  about  100  feet 
beyond,  appearing  quite  near  to  him  as  seen  through  the  binocular. 
No  stereoscopic  effect  noted. 

C — 1650  yards.  Full  length;  background  up  to  waist  is  the 
meadow  which  rises  from  his  feet,  above  that  a  darker  ground, 
apparently  cleared  forest  bottom.   Little  or  no  stereoscopic  effect. 

D — 1 190  yards.  Concealed  to  crotch  by  the  trench  in  which 
he  stands.  Background  is  a  meadow  slope  estimated  from  the 
map  to  be  about  500  yards  beyond.  Distinct  to  good  stereo- 
scopic effect. 


Fig  10. 
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E — 1850  yards.  In  wood,  rather  deeply  in.  Concealed  in 
part  of  his  beat,  sometimes  entirely  visible  between  tree-trunks. 
No  stereoscopic  effect. 

F — 1055  yards.    Concealed  crotch-high. 

G — 1230  yards.     Concealed  to  mid-thighs. 

F  and  G  are  both  concealed,  as  above,  by  intervening  swells  in 
the  meadow.  Background  conditions  also  about  alike ;  nearly 
level  meadow.    Little  or  no  stereoscopic  relief. 

H — 1800  yards.  Completely  exposed.  Seen  against  the  slope 
which  ascends  easily  behind  him.     No  stereoscopic  effect. 

Fig  II. 
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Experimental  field.     Stations  are  indicated  by  circles  and  letters.     Note:  Second  observer  from 
left  is  holding  monocular  incorrectly. 


X — 410  yards.  Concealed  to  an  oblique  line,  about  breast- 
high,  by  the  hedge.     Background  about  as  for  Y. 

Y — 420  yards.  Nearly  full  length,  screened  by  the  hedge, 
especially  below.  The  details  of  the  hedge  are  seen  with  fair 
stereoscopic  effect  against  the  level  meadow  beyond. 

Z — 630  yards.  Concealed  breast-high  by  intervening  eleva- 
tion when  standing  in  the  open  at  the  northwest  or  southeast 
comer  of  a  house.  In  half  of  his  events  Z  appeared  in  the  west 
or  south  window  of  the  house.  As  the  outside  and  inside  condi- 
tions are  not  at  all  comparable  as  to  light,  background,  etc.,  the 
latter  have,  in  the  report,  been  given  the  separate  designation  Z'. 
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(I)  THE    DAYLIGHT   TESTS. 

The  daylight  tests  were  run  on  four  days :  March  i8th,  from 
2  P.M.  to  5  P.M.^  and  March  19th,  20th,  and  26th,  from  2  p.m.  to 
4:30  P.M.  Each  man  who  acted  as  visual  object  appeared  eight 
times  each  day.  The  two  postures,  raising  the  arm  and  aiming 
the  rifle,  and  the  two  directions,  east  and  west,  making  four  possi- 
bilities for  most  of  the  men.  A  program  was  arranged  consisting 
of  four  events  for  each  man — forty-four  events  in  all  in  shuffled 
order — and  after  a  short  intermission  in  which  monoculars  and 
binoculars  were  exchanged  by  the  observers  the  whole  forty-four 
events  were  repeated  in  reverse  order.  Thus  each  observer  had 
the  opportunity  of  seeing  all  the  different  events  of  that  day 
once  with  a  monocular  and  once  with  a  binocular.  He  was  to 
record  the  time  and  the  place  at  which  he  saw  the  man  {A,  B, 
C,  etc. )  and  what  he  saw  the  man  do. 

On  March  i8th  the  program  was  arranged  to  have  one  event 
every  two  minutes.  It  was  found  that  this  interval  was  longer 
than  was  necessary.  For  the  other  days  and  for  the  twilight 
work  it  was  shortened  to  ninety  seconds.  This  gave  adequate 
time  for  recording  and  had  the  further  advantages  of  keeping  the 
observers  more  interested  and  shortening  the  whole  time  of  work. 
As  was  to  be  expected,  on  the  first  day  a  considerable  portion  of 
the  time,  at  first,  was  required  for  the  observers  to  learn  the 
stations.  To  facilitate  this  all  the  men  out  in  the  field  were  re- 
quired to  be  in  their  respective  exposed  positions  for  fourteen 
minutes,  until  within  a  minute  of  the  time  for  the  first  scheduled 
event.  More  or  less  confusion  was,  however,  inevitable,  especially 
as  there  were  many  other  men,  extraneous  to  this  work,  about  the 
field  engaged  in  various  kinds  of  practice.  As  a  result  the  records 
showed  many  entries  which  proved  by  comparison  with  the  sched- 
ule to  be  irrelevant  and  had  to  be  excluded.  These  things  disap- 
peared rapidly  as  the  work  went  on.  The  observer's  problem 
then  became  simple :  he  had  to  watch  eleven  points  in  the  land- 
scape and  report  in  his  record  the  time,  place  and  action  when 
a  man  appeared  at  any  one. 

Table  XI  is  a  general  summary  of  these  results.  In  compiling 
this  table  certain  eliminations  had  to  be  made  in  advance  in  order 
that  the  results  might  apply  equally  to  monoculars  and  binoculars. 
On  the  first  day  there  was  delay  in  learning  the  field,  and  the 
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program  was  too  long  and  had  to  be  cut  short  at  the  end.  Fortu- 
nately, since  the  second  half  of  the  program  was  exactly  the 
reverse  of  the  first,  the  resulting  deletions  did  not  involve  much 
valuable  material.  Again,  there  was  delay,  after  the  intermission, 
in  getting  the  observers  back  to  work.  This  showed  itself  in  the 
summary  for  the  day  and  the  necessary  deletions  could  be  esti- 
mated and  equalized.  In  a  few  cases  other  duties  or  circum- 
stances made  the  record  of  a  single  observer  incomplete.  The  first 
consideration  in  making  these  deletions  was  always  to  make  the 
total  number  of  experiments  equal  and  identical  for  the  two 
glasses;  the  second  was  to  have  each  observer's  final  record  rep- 
resent equal  numbers  of  experiments  with  the  two.  It  was  only 
to  the  slightest  extent  that  the  second  could  not  be  realized.  The 
following  figures  have  reference  only  to  the  remaining  experi- 
ments considered  in  Table  XI  and  such  other  things  as  occurred 
while  these  were  in  progress. 

Monocular  Binocular 

Experiments    considered    7,i74  7»i74 

Total   records    5,005  5»295 

Records  considered   4,726  5.047 

Records  rejected  as  extraneous 279  248 

This  speaks  at  once  in  favor  of  the  binocular,  in  two  ways. 
Out  of  a  total  of  7174  possibilities  the  number  of  times  that  the 
test  objects  were  seen  is  more  numerous  by  321  (5047-4726), 
or  4.5  per  cent,  of  the  possibilities.  In  addition,  the  records  not 
applying  to  the  test  objects  of  the  experiments  are  less  numerous 
with  the  binocular  by  31,  indicating,  if  anything,  that  the  problem 
of  learning  the  field  was  simpler  with  the  binocular. 

Explanation  of  Tables  XI  and  XII. 
Column  Headings- 

A,  B,  C,  etc. — Designations  of  stations. 

S    -  Observation  of  the  man  at  Stations  A,  B,  C,  etc. 

ew  -  Discrimination  of   the  direction  of  action    (aiming  or  extending  arm) 

at  right  angles  to  the  observer's  line  of  sight.     See  also  explanation 

of  line  heading  "  results." 
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ro  —  Discrimination  between  aiming  and  extending  arm.    See  also  explanation 

of  line  heading  "  results." 
p     —  Mention   of  action    (aiming  or   extending  arm)    in   the   observer's   line 

of  sight. 

Line  Headings- 

I,  II,  III,  IV  (Table  XII  only) — Results  obtained  respectively  on  the  first, 
second,  third  and  fourth  or  fifth  days  of  practice  with  the  monocular. 

Experiments. — Total  number  of  experiments  considered. 

Results. — Number  of  records  after  eliminating  extraneous  ones.  This  in- 
cludes in  columns  5"  the  total  number  of  answers ;  in  columns  ew  and 
ro  the  number  of  right  minus  the  number  of  wrong  answers ;  in  columns 
p  the  number  of  records  as  to  action. 

Percentages. — In  columns  S,  the  percentage  of  observation : 

Number  of  results  •        ,  j  a  ^u 

100  x   : —  ;  m  columns  ew,  ro  and  p  the  percentage 

Number  of  experiments 

of  discrimination : 

Results  {ew,  ro,  p)  Experiments  (5) 

Results  (5)  Experiments  {ew,  ro,  p) 

It  is  a  point  of  importance  to  know,  if  possible,  just  how  this 
result  would  be  affected  by  practice.  It  is  to  be  presumed  that  all 
of  the  observers  had  had  practice  to  a  greater  or  less  extent  with 
binoculars,  while  as  to  the  monoculars  the  presumption  is  all  the 
other  way.  Then  in  the  course  of  the  work  it  is  to  be  expected 
that  this  difference  will  tend  to  disappear.  In  Table  XII,  there- 
fore, the  observers  have  been  grouped,  not  according  to  the  cal- 
endar days  of  the  experiment,  as  in  Table  XI,  but  according  to  the 
days  which  were  the  first,  second,  etc.,  of  their  individual  practice 
with  the  monocular  in  the  various  parts  of  this  work.  A  com- 
parison of  these  two  groupings  is  shown  in  the  following : 

Day  of  March 

Practice  Total  i8  ip  20  26 

1 60  48  5  6  I 

11 47  ••  40  7  o 

III 39  •   ••  ■•  34  S 

IV 37  ..  ••  ••  27 

48     45     47     43 

Thus,  with  a  total  of  60  observers  who  figure  in  at  least  one  day's 
work,  there  were  but  37  who  got  as  far  as  the  fourth.  This  was, 
of  course,  due  to  the  fact  that  a  few  of  the  original  forty-eight 
had  to  be  excused  on  account  of  other  duties  frc^n  time  to  time, 
their  places  being  taken  by  a  limited  number  of  others.     This 
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might  be  briefly  stated  by  saying  that  there  were  37   regular 
observers  and  23  substitutes. 

A  word  is  to  be  said  as  to  how  the  extraneous  results  were 
distributed  over  the  various  days.  First,  as  to  the  days  of  the 
calendar  we  have  extraneous  observations : 

Number  of    Excess  in  favor 
March  Monocular    Binocular    Observers      of  Binoculars 

18 104  97  48  7 

19 96  82  45  14 

20 56  43  47  13 

26 23  26  43  -  3 

279  248  31 

Number  of    Excess  in  favor 
Day  Monocular    Binocular    Observers       of  Binoculars 

I     148  127  60  21 

n  75  67         47  8 

III    34  28  39  6 

IV    22  26  27  -  4 

279  248  31 

All  of  the  March  i8th  records  are,  of  course,  included  in 
Day  I,  and,  as  has  been  said,  the  first  portion  of  the  work  of  that 
date  has  not  been  considered.  The  decline  in  the  number  of 
extraneous  records  is  therefore  greater  than  would  be  indicated 
bv  the  first  line  of  either  of  the  above  tables,  since  the  deleted 
portion  contains  a  more  than  proportionately  large  number.  The 
process  of  learning  the  field  was  a  rapid  one,  and  the  extraneous 
records  of  the  later  dates  were  practically  all  due  to  happenings  in 
the  field  which  could  only  be  differentiated  by  reference  to 
the  schedule. 

Before  going  further,  it  may  be  well  to  state  in  detail  the 
first  step  in  the  analysis  of  the  results.  The  men  at  Stations 
A,  B,  C,  D,  F,  G,  and  H,  fifty  seconds  after  appearing  in  their 
respective  exposed  places,  went  through  the  performance  of  aim- 
ing a  rifle  or  raising  an  arm  to  the  horizontal,  either  to  the  east 
or  to  the  west;  that  is,  at  right  angles  to  the  observers'  line  of 
sight.  It  soon  developed  that  the  observer's  record,  in  addition 
to  the  time,  which  was  a  check  on  the  relevancy  of  the  report,  con- 
sisted essentially  of  three  things  :  ( i )  the  station  designation,  (2) 
the  direction  of  action,  whether  east  or  west,  and  (3)  the  nature 
of  the  action,  whether  the  man  aimed  a  rifle  or  simply  raised 
an  arm. 
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As  to  ( I ) ,  there  is  no  apparent  way  of  rating  the  result  except 
to  compare  the  number  of  times  a  given  man  (test  object),  e.g., 

A,  was  seen,  with  the  total  number  of  possibilities  of  that  event. 
The  symbol  6"  is  used  here  with  reference  to  this  criterion. 

(2)  As  to  the  report  on  the  direction  of  the  action,  there  are 
three  possibilities.  These  are :  no  report,  wrong  report,  and  right 
report.  A  wrong  report  is  made,  on  the  face  of  the  matter,  in 
the  absence  of  seeing.  With  but  two  possibilities  as  to  the  fact, 
it  is  equally  probable  that  a  right  repc^rt  would  be  made  in  the 
same  way,  that  is,  for  every  wrong  answer  there  are  not  one,  but 
two  "  guesses  " ;  and  conclusions  as  to  actual  seeing  are  to  be 
drawn  from  the  number  of  right  answers  minus  the  number  of 
wrongs.  The  symbol  civ  has  reference  to  the  seeing  of  the  action, 
and  the  values  under  this  head  are  derived  from  the  right-minus- 
wrong  number  of  answers  as  to  direction. 

(3)  The  case  of  differentiating  the  two  actions  is  exactly 
parallel.  The  symbol  used  is  ro,  and  the  results  under  that  head 
are  derived  from  the  difference  between  the  numbers  of  right 
and  wrong  answers. 

In  the  cases  of  X,  Y ,  Z,  and  Z'  the  action  consisted  in  either 
aiming  a  rifle  or  pointing  at  the  observers.  In  place  of  the  ezv 
criterion,  it  was  necessary  to  use  here  the  right-plus-wrong 
answers,  since  east  and  west  did  not  enter  the  question.  In  saying 
that  he  saw  the  man  point,  or  aim  the  rifle,  the  observer  states, 
although  not  specifically,  that  he  saw  the  movement ;  and  this  is 
irrespective  of  whether  he  is  right  or  wrong  as  to  its  differentia- 
tion. The  symbol  p  refers  to  this  criterion  ;  while  the  right-minus- 
wrong  number  of  answers  as  to  aiming  or  pointing  is  the  argu- 
ment in  the  results  under  the  head  ro. 

The  percentages  are  always  based  on  the  total  possibilities  of 
the  case.  Under  S  this  will  be  the  total  number  of  experiments: 
but  under  ew,  ro.  and  p  the  total  possibilities  will  be  the  number 
of  times  the  man  was  seen.  Discrimination  is  not  possible  unless 
the  object  is,  in  the  first  place,  "  picked  up  "  and  the  glass  and  the 
eyes  fairly  trained  upon  it.  The  method  of  computation  of  the 
percentages  will  l)e  treated  in  detail  later  on. 

In  Tables  XI  and  XIT  the  results  are  grouped  by  stations  (A, 

B,  C,  etc.)  ;  in  Table  XI,  also,  by  calendar  days  (March  18th.  10th, 
20th  and  26th),  and  in  Table  XII  by  days  of  practice  (I,  II.  ITT. 
and   TV).      From  these  two  tables  the  mean  percentages  were 
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T.\BLE    XIII. 

M'fighted  Mean  Percentages  of  Correct  Observation,  Day  by  Day,  for  all  Objects 
Except  E.  {The  Values  Under  p.  Tables  XI  and  XII,  have  Been  Treated  like 
the  etv  Values  and  are  Included  Here.) 


March 

I8 

19 

30 

36 

Binocular 

55-8 
49-7 

6.1 

46.7 
36.4 

80.0 

75-2 
4.8 

54-7 
46.5 

79.8 
77.6 

2.2 

57.9 
50.9 

80.6 

^      Monocular 

78.4 

Difference 

2.2 

Binocular 

<Tf    Monocular 

51.0 

43-1 

Difference 

Binocular 

10.3 

34-7 
26.9 

8.2 

44-3 
33.8 

7.0 

48.8 
43.0 

5.8 

7-9 

47.7 

ro     Monocular 

36.7 

Difference 

7-8 

10.5 

II.O 

Day  of  practice 

I 

II 

III 

IV 

Binocular 

58.8 
52.4 

6.4 

44.9 
38.0 

80.2 
77.0 

3.2 

55-5 
47.1 

81.8 
80.6 

81.6 

S      Monocular 

77.8 

Difference 

Binocular 

ew    Monocular.  .  .  .' 

1.2 

60.2 
53-4 

3-8 

50.9 
42.3 

Difference 

Binocular 

ro     Monocular 

6.9 

31.6 

277 

8.4 

47-7 
36.7 

6.8 

51-2 
43-6 

8.6 

49.0 
36.2 

Difference 

3-9 

II.O 

7.6 

12.8 

Binocular .  .  . 
5      Monocular.  . 

Difference . 

Binocular   .  . 
ew    Monocular.  . 

Difference . 

Binocular.  .  . 
ro      Monocular.  . 

Difference . 


For  all  days 


74.70  =*=o.o6 

70.93*0.07 


3.77 


5345*0.05 

45-55*0.14 


7.90 


45.18*0.17 
36.34*0.07 


8.84 


All  except  I 


81. 1 
78.4 

2.7 

55-8 
47.8 

8.0 

49.2 
38.9 

10.3 
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averaged  for  each  day  and  the  averages  are  given  in  Table  XIII. 
These  averages  are  plotted  in  Fig.  12.  In  computing  the  averages, 
Station  E  was  omitted,  for  the  reasons  that  the  conditions  of 
vision  (a  moving  object)  were  not  comparable  to  those  of  the 
other  stations,  and  since  E  simply  walked  up  and  down  with  no 
action  comparable  to  raising  an  arm  or  aiming  a  rifle,  there  were 
no  data  at  all  comparable  to  those  under  the  heads  eiu  and  p. 
Casual  examination  of  the  results  will  show  at  once  that  the 
results  in  the  case  of  E  support  the  ultimate  conclusions  more 
strongly  than  the  other  results. 

The  weights  assigned  to  the  various  stations  and  used  in  com- 
puting the  averages  in  Table  XIII  were  derived  from  the  total 
numbers  of  experiments  for  all  four  days  on  the  respective  sta- 
tions, Tables  XI  and  XII,  and  from  the  similar  total  of  the 
numbers  of  times  the  man  was  reported  seen  on  all  four  days  at 
the  respective  station,  under  the  head  5.  They  are,  in  all  cases, 
computed  from  these  totals  for  the  four  days  in  a  manner  similar 
to  that  in  which  the  base  for  an  individual  percentage  would  be 
found.  This  will  be  clear  if  we  bear  in  mind  how  the  percentages 
in  the  tables  were  derived.  To  illustrate,  a  block  from  Table 
XI,  A,  under  Monocular,  March  19th,  is  repeated  here  with  addi- 
tions in  parentheses 

Monocular 
S  ew  ro 

Experiments  176  17$  132 

Results    163  1 14  75 

Per   cent (92.6)  (64.8)  (56.8) 

Percentages    92.6  70.0  61.3 

to  show  the  method  of  computation.  The  percentages  in  paren- 
theses are  simply  each  "  result  "  on  its  corresponding  "  experi- 
ments "  as  a  base.  The  final  ones  for  nv  and  ro  are  the  ones 
above,  recomputed  on  the  ^'-percentage,  92.6  as  a  base.  For  these 
final  percentages  as  they  appear  in  the  table  the  bases  arc,  there- 
fore, respectively,  176,  163,  and  163  x  ^-  In  j"^^  the  same  way 
the  weights  for  S,  ew,  and  ro  are  here,  respectively,  as  631,  568.5, 
and  568.5  X  ^-.    The  number  568.5  is  here  the  mean  of  the  two 

numerical  results  under  the  two  ^s  for  monocular  and  binocular, 
and  was  used  in  computing  the  weights  for  both  alike.  The 
weights  for  A,  B,  C,  etc.,  were  reduced  to  such  a  scale  that  the  P 
weight    (number  of   experiments  =  727)    should  be    i.oo.     The 
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others,  to  lessen  the  amount  of  coinput<ation  necessary  to  correct 
an  error,  were  so  scaled  that  the  number  714  should  correspond  to 
weight  unity.    The  weisfhts  used  are : 


Station 

A  .. 

B  .. 

C  ... 

D  ... 

F  ... 

G  ..'. 

H  ... 

X  ... 

Y  ... 

Z  ... 

Z'  ... 


Wtight 


0.87 

0.77 

0.72 

.86 

•30 

•30 

•93 

•83 

•83 

.88 

.69 

.69 

1. 00 

•79 

•79 

.81 

■52 

•52 

.88 

•64 

.64 

.88 

•58 

•58 

.88 

•51 

•51 

■50 

.42 

•42 

•44 

•25 

•25 

VTTT 

WJP-Vf^    c 

^Kf-ain 

The  final  results  for  all  days,  Table  XIII,  were  obtained  from 
the  two  sets  of  day  averages  just  described,  by  similarly  deter- 
mining the  two  appropriate  sets  of  day  weights  and  applying 
them.  The  figures  added  after  the  ±  sign  indicate  how  the  two 
averages  diverged  from  their  mean  in  each  case.  These  differ- 
ences are  due  to  small  discrepancies  in  weighting,  and  are  too 
small  to  affect  the  conclusions  in  any  essential  way.  The  last 
column  of  figures  in  Table  XIII  gives  the  results,  omitting  each 
observer's  first  day's  results  from  the  computation.  It  consists, 
therefore,  of  the  appropriately  weighted  averages  for  Days  II, 
III,  and  IV. 

In  connection  with  Tables  XI,  XII,  and  XIII,  a  brief  descrip- 
tion of  the  weather  during  each  of  the  four  experimental  periods 
is  appended. 

March  18,  1918,  2  p.m.  to  5  p.m. — Sky,  10/10  clear,  bright 
sun,  some  haze  and  dust.    Temperature  moderate. 

March  19th,  2  p.m.  to  4.30  p.m. — Sky  8/10  cumulus  and  cirro- 
cumulus  clouds.  Gentle  breeze,  S.S.E.,  faint  to  bright  sun,  haze 
and  dust  in  the  distance.  Air  clear  for  sound.  Haze  and  dust 
increasing  during  the  course  of  the  afternoon.  At  4.18  p.m.  the 
sun  went  behind  a  thick  cloud.    Temperature  moderate. 

March  20th.  2  p.m.  to  4.30  p.m. — Sky  8/10  cirro-cumulus  and 
cirro-stratus  clouds,  faint  sun.  More  haze  than  last.  Sounds 
very  plain,  gentle  east  wind,  comfortable  temperature,  slight  heat 
shimmer.     Increasing  cloudiness. 

March  26th,  2  p.m.  to  4.30  p.m. — At  2  p.m.,  9/10  cumulus 
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clouds,  sun  through  rifts  occasionally;  at  2.20  p.m.,  5/10  clear;  at 
3.30  P.M.,  9/10;  at  3.45  P.M.,  completely  clear,  sun  still  well  up. 
Strong  N.W.  wind,  very  cold  during  whole  time. 

Discussion  of  the  General  Daylight  Results. — Table  XIII  and 
Fig.  12  leave  very  little  to  be  said,  at  least  as  to  the  fact  that  in 
the  present  test  the  binocular  ran  very  consistently  ahead  of  the 
monocular.  There  is  a  difiference,  however,  in  the  way  the  two 
glasses  compare  as  to  the  different  criteria  of  the  test.    Under  the 

Fig  12. 
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SUMMARY  OF  D.WLIGHT  RESULTS. 

head  5",  it  will  l^e  noted,  the  differences  are  smaller,  and  also  they 
tend,  in  a  slight  measure,  perhaps,  to  decrease.  The  mode  of 
vision  upon  which  the  results  under  6^  depend  is  quite  a  different 
one  from  that  underlying  the  criteria  of  eiv  and  ro.  In  the  first 
case  the  result  will  depend  primarily  on  a  diligent  watching  of  the 
various  parts  of  the  field  and  mostly,  if  not  exclusively,  upon  the 
activity  of  the  eccentric  portions  of  the  retina.  It  is  es.sentially  a 
process  of  discovery,  and  will  be  modified  by  many  circumstances 
of  attention  as  well  as  by  the  absolute  ability  to  see.  Following 
it,  the  process  of  orientation  takes  place,  in  which  the  axis  of  the 
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glass  is  brought  into  alignment  and  the  eye  adjusted  for  direct 
vision.  Detailed  examination  of  the  object  then  takes  place,  dur- 
ing which  the  information  is  gained  which  goes  to  make  the 
results  stated  under  czc  and  ro. 

How  these  two  modes  of  vision  behave,  with  respect  to  the 
use  of  the  glass  and  with  respect  to  practice,  is  a  question  which  it 
was  hoped  these  results  would  answer  more  definitely  than  they 
do.  Where  the  monocular  shows  relative  improvement  with 
practice,  as  it  here  does,  in  the  matter  of  first  locating  the  test 
objects  (see  6^,  lower  right-hand  plot,  Fig.  12),  it  is  a  question  for 
further  work  to  answer  whether  that  relative  improvement  will 
go  on  to  the  point  of  equality. 

As  to  the  discrimination  of  details  in  the  test  object,  the 
result  is  quite  the  other  way.  Here  the  binocular  shows  relative 
improvement  (czv  and  ro,  same  plot).  If  the  observers  had  pre- 
viously had  preponderant  experience  with  the  monocular  this 
would  not  ofTer  difficulties.  The  presumption  is,  if  anything,  the 
other  way,  and  the  relative  improvement  of  the  results  obtained 
with  the  binocular,  in  the  distinguishing  of  detail,  is  hard  to 
interpret  otherwise  than  as  evidence  of  intrinsic  superiority 
of  that  type  of  glass  for  that  purpose  under  conditions  such  as 
those  of  this  test. 

The  extent  of  the  difference  for  Station  E  is  70  observations 
of  the  man  out  of  684  possibilities.  This  applies  to  criterion  S. 
the  ew  being  absent  in  this  case,  and  the  results  under  ro  insig- 
nificant. This  difference  amounts  to  10.2  per  cent,  as  against 
a  similar  difference  of  3.8  per  cent,  for  all  other  stations  (see 
last  section  of  Table  XHI). 

It  will  be  recalled  that  in  Part  I  of  this  report  it  was  found 
that  all  three  of  the  observers  had  unequal  vision  in  the  two  eyes, 
and  that  binocular  vision  through  a  binocular  glass  was  not  better 
than  monocular  vision  with  the  l)etter  eye  through  the  corre- 
sponding limb  of  the  same  glass.  Where  it  showed  a  slight  supe- 
riority in  point  of  the  frequency  of  right  answers  this  was  offset 
by  a  longer  time  consumed  in  observation.  Indeed  in  one  case  the 
admission  of  the  inferior  eye  caused  a  falling  off  of  vision  as  a 
whole,  binocular  vision  giving  results  inferior,  both  in  point  of  fre- 
quency and  time  consumed,  to  those  obtained  monocularly  with 
the  better  eye. 
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However,  if  we  take  the  mean  of  the  two  monocular  results 
in  these  cases,  this  mean  falls  very  definitely  below  the  binocular 
result.  This  perhaps  explains  the  discrepancy  between  the  con- 
clusions of  Part  I  and  this  part  of  the  report.  H  (as  is  to  be 
assumed,  almost  as  a  fact)  the  observers  in  this  work  had  unequal 
vision  in  the  two  eyes ;  and  if  they  either  did  not  know  which  was 
the  better  eye,  or  used  both  equally  in  the  monocular  work,  the 
comparisons  drawn  would  amount  to  comparison  of  the  binocular 
result  with  the  mean  of  the  two  hypothetical  monocular  results. 
The  actual  comparison  of  mean  monocular  with  binocular  results, 
made  from  the  results  of  Part  I  of  this  report,  would  lead  to 
differences  in  the  same  direction  and  of  about  the  same  order  of 
magnitude  as  those  found  in  this  part. 

(2)  THE   TWILIGHT   TESTS. 

The  twilight  results  were  obtained  exactly  as  the  foregoing, 
except  that  the  experimental  runs  were  conducted  late  in  the  day 
and  while  darkness  was  coming  on.  Each  observer  used  one  type 
of  glass  for  the  entire  day's  run,  using  the  opposite  type  on  the 
second  day.  On  March  22nd  the  program  began  at  6  p.m.,  and 
on  March  25th  at  5.45  p.m.  As  soon  as  the  more  distant  men  {A 
to  H)  became  difficult  to  see,  as  shown  by  the  results,  the  nearer 
ones  (X,  Y,  and  Z)  were  furnished  with  special  schedules,  so  that 
one  or  another  of  the  latter  were  exposed  every  ninety  seconds 
from  then  on.  This  change  in  program  took  place  at  6.36  p.m. 
and  6.343^  P.M.  on  the  respective  days,  the  times  being  indicated  in 
Table  XIV  by  the  horizontal  lines  drawn  across  the  appropriate 
columns.  Nine  and  fifteen  minutes  later,  on  the  respective  days, 
the  last  observations  of  any  of  these  men  were  made,  the  dark- 
ness having  become  too  profound  in  the  interval  for  further  ob- 
servation, even  at  these  short  distances.  Tt  will  be  noticed  from 
the  table,  however,  that  on  March  22n(l  the  failure  of  the  day- 
light program  took  place  somewhat  before  the  time  mentioned, 
at  about  6.24  p.m.,  making  the  twilight  interval  for  that  day 
21  minutes. 

This  fact  serves  to  cm])hasize  the  rapidity  with  which  the  day- 
light fails,  for  while  during  the  day  there  are  enoniKnis  variations 
in  the  intensity  of  light,  vision  is  affected  less  by  these  than  it  is 
by  the  presence  or  absence  of  shadows.  Yet  from  the  last  moment 
that  it  was  i)racticable  to  distinguish  a  man  at  (say)   1500  yards 
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there  remained  only  twenty  minutes  or  so  during  which  a  man 
could  be  distinguished  at  400  to  600  yards.  Consequently,  the 
results,  extending  as  they  do  over  only  these  short  periods  of 
time,  do  not  show  anything  that  is  on  the  whole  conclusive.  Re- 
sults to  be  conclusive  would  have  to  extend  over  longer  periods  of 
time,  as,  for  example,  on  clear  nights  at  a  definite  phase  of  the 
moon,  and  would  require  a  specially  arranged  program  suited 
to  the  low  visibility  under  such  conditions,  as  will  be  evident 
on  inspecting  the  parts  of  the  table  corresponding  to  the 
critical  intervals. 

Examination  of  these  parts  of  the  table  shows  that  the  man 
in  the  field  was  detected,  in  many  cases,  by  only  a  very  few, 
often  by  none,  of  the  24  or  23  observers  represented  in  the  col- 
umn. The  percentage  was  extremely  low,  and  percentages  fall- 
ing very  near  to  either  o  or  100  are  not,  as  a  rule,  reliable  for  the 
purpose  of  drawing  conclusions,  especially  .when  they  fluctuate 
as  these  do. 

For  reasons  such  as  the  above  the  results  that  were  obtained 
March  22nd  and  25th  are  given  in  Tab^e  XIV  exactly  as  they 
were  first  summarized  from  the  observers'  original  records. 
They  represent  in  the  aggregate  i-)4  hours  of  work,  of  which,  as 
was  stated  above,  perhaps  35  minutes  represent  conditions  perti- 
nent to  the  point  under  investigation;  while  in  the  case  of  the 
daylight  results  just  discussed  the  total  time  of  work  done  by 
practically  the  same  group  of  observers  was  10  hours  under 
favorable  conditions. 

The  data  were  examined  to  see  whether  there  was  a  noticeable 
difference  in  the  behavior  of  the  two  types  of  glass  as  darkness 
approached.  For  this  purpose  only  the  numbers  under  S  were 
employed,  and  each  was  assigned  a  weight,  based  upc^n  the  day- 
light observations,  such  that  if  the  weighted  number  of  times 
that  the  man  at  each  station  was  seen  were  plotted  as  ordinatcs 
and  the  time  of  (lav  as  abscissa?,  the  resulting  plot  would  approxi- 
mate a  horizontal  straight  line.  The  weight  used  for  each  station 
is  the  reciprocal  of  the  average  number  of  times,  ex])ressed  in 
per  cent.,  that  the  man  was  seen  by  both  monoculars  and  binocu- 
lars on  all  four  days  of  daylight  observation.  Those  weights 
applied  to  data  taken  in  waning  light  would  naturally,  when 
plotted,  produce  a  line  sloping  downward  as  time  progresses. 

The  weighted  results  are  included  in  Table  \\V  and  plotted 
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in  Fig.  13.  As  was  to  be  expected,  the  points  scatter  badly,  so 
that  any  deduction  based  upon  them  should  be  substantiated  by 
other  facts  before  Ixfing  considered  final.  The  lines  plotted  were 
determined  by  the  method  of  least  squares  on  the  assumption  that 

Fig  13. 
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the  curve  of  decline  is  a  straight  line.    The  initial  and  final  points 
of  these  lines  yield  the  following  information : 


March  22 
Initial  Final 

Monocular     13-87  4-30 

Binocular    i3-5i  3-67 

Difference    0.36  0.63 


March  25 

Initial  Final 

23.38  14.50 

2246  13.70 

0.92  0.80 


D^ff^'"^"^^    Xioo    2.68 
Monocular 


17.2 


3-94 


The  last  line  of  this  table  measures  the  advantage  of  the  binocular 
over  the  monocular,  and  shows  that  this  advantage  increases  as 
the  light  becomes  dim  ;  a  result  wholly  in  accord  with  the  findings 
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of  Part  II  of  this  report.  From  Table  XIII  the  advantage,  com- 
puted into  comparable  form,  for  the  daylight  results  of  Days  II, 

III,  and  IV  is'  ^J-  x  loo  -  3.44  per  cent.,  a  result  quite  in  agree- 

78.4 

ment  with  the  two  initial  values  just  given,  2.68  and  3.94  per  cent., 
considering  the  paucity  and  scattering  of  the  data  upon  which 
the  latter  depend,  as  shown  in  Fig.  13. 

In  view  of  the  inadequacy  of  the  present  data,  little  weight 
is  to  be  given  to  the  conclusions  drawn  therefrom.  They  in  no 
way  contradict  the  results  of  Part  II  of  this  report,  but  tend  to 
confirm  those  results. 

It  is  interesting  to  note,  referring  to  Part  II,  that  vision  at 
the  twilight  intensity  then  used  required  an  object  15.6  times  as 
large  (in  terms  of  visual  angle)  as  for  daylight  vision.  We  may 
roughly  estimate  a  similar  ratio  for  the  two  light-extremes  in- 
volved in  the  work  at  Camp  Meade. 

The  average  distance  of  X,  Y ,  and  Z  is  487  yards.  The 
average  distance  for  the  other  eight  stations  is  1424  yards.  Now, 
from  the  plots  of  the  data  in  the  earlier  parts  of  this  report  it 
appears  that  a  reduction  in  size  of  test  object  by  one  of  the  steps 
used,  about  9  per  cent.,  brings  about  a  decrease  of  something  like 
25  per  cent,  in  the  frequency  of  observation.  The  frequency  may 
be  taken  at  75  per  cent,  for  the  eight  stations  mentioned,  and  the 
estimate  follows  that  in  full  daylight  these  men  would  be  at  the 
border  of  invisibility  if  removed  to  an  average  distance  of 
1424x1.09,  or  1845  yards.  That. is,  they  would  then  be  of 
about  the  same  order  of  visibility  as  X,  Y,  and  Z  were  at  the  close 
of  the  day's  run.  The  ratio  of  the  two  visual  angles  would  be 
1/487  to  1/1845,  or  3.8,  as  compared  with  15.6,  the  similar  figure 
derived  from  the  laboratory  results.  That  is  to  say,  the  illumina- 
tion at  the  close  of  the  day's  twilight  run  in  the  open  was  such  as 
to  permit  three  times  the  visibility  (measured  in  visual  angle) 
obtained  with  the  light  previously  used  in  the  laboratory.  This 
is,  perhaps,  another  reason  why  the  present  results  do  not  show 
a  stronger  twilight  efifect  than  they  do  in  favor  of  the  binocular. 

(3)  THE  COUNTING  TESTS. 

The  counting  tests  were  conducted  March  22nd.  from 
4.55  P.M.  to  5.45  P.M.,  and  March  25th,  from  4.45  p.m.  to 
5.45  p.m.,  in  each  case  immediately  ])roce(ling  the  twilight  test 
of  that  day.     The  program  required  all  of  the  eleven  men  in  the 
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field  to  be  at  a  desi^iated  station,  formed  in  an  irregular  line  and 
concealed  by  crouching-  behind  a  slight  rise  of  ground  or,  in  the 
case  of  Station  H ,  behind  a  brush  concealment.  At  a  word  from 
their  sergeant  a  prearranged  variable  number  of  them,  from  7  to 
II,  rose  to  their  full  height,  remained  standing  for  10  seconds  and 
dropped  out  of  sight  again  at  a  second  command.    The  observers 

Fig  14. 
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MONOCULARS BINOCULARS 

SUMMARY  OF  COUNTING  TEST 

were  informed  in  advance  of  the  place  to  look,  and  were  warned 
a  few  seconds  before  the  men  appeared. 

This  program  involved  Stations  B,  D,  and  H  only.  At  each 
one  there  were  ten  exposures  as  described.  In  a  short  interval 
between  the  fifth  and  sixth  the  observers  exchanged  glasses, 
monocular  for  binocular,  and  continued  with  them  until  they  re- 
exchanged  after  the  fifth  at  the  next  station.     Those  who  on 
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the  first  day  began  with  one  type  of  glass  began  on  the  second 
day  with  the  other. 

The  results  are  summarized  in  Table  XV.  In  some  cases  the 
number  was  overcounted  by  i,  rarely  by  2.  Such  cases  are  indi- 
cated in  the  table,  but  in  the  plot  (Fig.  14)  they  are  classed  with 
the  misses,  irrespective  of  algebraic  sign. 

On  the  first  day  visibility  was  low  on  account  of  haze.  This 
circumstance,  coupled  with  the  inexperience  of  the  observers  in 
this  particular  problem,  made  a  characteristic  difference  in  the 
outcome.  It  will  be  noted  that  the  correct  counts  are  few,  10.8 
per  cent,  and  5.6  per  cent,  of  the  total  with  binoculars  and  monoc- 
ulars, respectively,  while  on  the  second  day  the  corresponding 
results  are  large,  70.8  per  cent,  and  65.3  per  cent.  In  other  words, 
most  of  the  results  of  the  first  day  involve  errors.  The  upper 
plot  will  show,  however,  that  apart  from  a  5.3  per  cent,  advantage 
in  correct  counts  the  binocular  has  to  its  advantage  a  lower  num- 
ber of  large  errors.  Unless  this  were  pointed  out,  the  plot  might 
l:>e  misleading,  since  it  shows  a  conspicuously  larger  number  of 
small  errors  for  the  binocular.  This  is  simply  the  natural  effect 
of  the  other  circumstance.  The  binocular  counts  deviate  less 
from  correctness  than  the  monocular.  This  is  brought  out  by  the 
following  taken  from  Table  XV : 

March  22  Mnrch  25 

Monoc.        Binoc.  Monoc.  Binoc. 

Experiments  720  720  655  655 

Correct  answers   40  78  428  464 

Failures    85  47  4  3 

Miscounts    595  595  223  188 

Aggregate  error  in  miscounts  1,461  1,202  277  202 

The  "  aggregate  error  "  does  not  here  include  the  errors  implied 
in  the  "  failures,"  which  are  listed  in  the  line  above  "  miscounts." 

The  following  weather  notes  are  to  be  considered  in  connec- 
tion with  the  above : 

March  22nd,  4.55  p.m. — Light  failing,  fairly  dense  haze. 
5.15  P.M.  to  5.30  P.M. — Sun.  well  up  in  the  sky,  appeared  red,  not 
orange,  and  was  on  the  point  of  going  behind  a  cloud  bank. 
5.31  P.M.  to  5.35  P.M. — Haze  very  deep  and  hard  to  penetrate 
with  glasses. 

March  25th. — Clear,  except  for  occasional  blowing  sand. 
High  wind.  W.  by  NW.,  very  cold,  stiffening  fingers.  Very 
good  seeing. 
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(4)  THE   TIMING   TESTS. 

In  all  of  the  preceding  work  the  original  group  of  officers, 
with  such  absences  and  substitutions  as  were  unavoidable,  acted  as 
observers.  In  the  timing  work,  about  to  be  described,  the  ob- 
servers were  the  group  of  men  who  had  previously  acted  as  visual 
objects  in  tlie  field.  These  were  ten  privates  and  one  first  ser- 
geant. The  last,  and  seven  others  were  men  of  some  academic 
training,  awaiting  the  opening  of  the  Ordnance  School ;  the  other 
three,  and  one  extra  man  on  the  second  day,  were  privates  detailed 
from  the  ranks  of  the  Ordnance  Company  for  this  work.  They 
were,  on  the  whole,  especially  the  first  eight,  men  of  intelli- 
gence and  ambition.  The  work  was  done  in  the  forenoons  of 
March  22nd  and  23rd. 

On  the  first  of  these  days  the  weather  was  warm  and  the  air 
somewhat  hazy.  On  JMarch  23rd  it  was  cold  and  exceptionally 
clear,  with  a  tendency  for  the  fingers  to  stiffen  and  so  delay 
the  observer. 

In  the  test  with  the  binocular  the  subject  started  with  the 
glass  in  its  case  and  the  lid  fastened.  In  the  monocular  tests  the 
glass  was  initially  in  his  breast  pocket  with  the  flap  buttoned. 
Before  the  test  was  begun  each  observer  adjusted  his  glass,  in- 
cluding in  the  case  of  the  binocular  the  clamping  of  the  stop  for 
limiting  the  interpupillar\-  distance,  and  placed  it  in  his  pocket 
or  in  its  case  without  disturbing  the  adjustments  more  than  neces- 
sary. The  test  object  consisted  of  two  short,  parallel  black  strips, 
J/2  by  i^  inches,  separated  by  an  interval  of  ^  inch,  and  placed 
in  the  centre  of  a  square  white  board,  which  was  held  by  one  of 
the  men  with  the  bars  vertical  or  horizontal,  according  to  a  pre- 
determined chance  schedule,  and  at  such  a  distance  that  the  direc- 
tion of  the  bars  was  not  to  be  distinguished  without  the  aid  of  the 
glass.    This  distance  was  about  160  yards. 

At  a  given  signal  the  subject  started  to  get  out  the  glass  and 
as  soon  as  he  was  able  to  see  the  object  he  announced  the  direction 
of  the  bars.  Two  stop-watches  were  used.  One  was  started 
at  the  initial  signal,  the  second  when  the  subject  had  the  glass  at 
his  eye,  and  both  were  stopped  the  instant  he  announced  the 
position  of  the  object.  If  he  fumbled  the  glass,  as  happened 
especially  on  the  second  (cold)  day,  the  experiment  was  thrown 
out  and  repeated ;  the  same  was  done  if,  as  occasionally  happened, 
he  announced  the  wrong  position  of  the  test  object. 
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As  the  experiments  were  conducted  there  were  two  resuUs 
from  each.  The  watch  first  started  gave  the  whole  time  required 
to  get  out  the  glass  and  to  get  good  vision  of  the  object ;  the  second 
gave  the  time  to  get  good  vision  from  the  instant  the  glass  was 
in  position  at  the  eye  or  eyes.  This  last,  for  want  of  a  better 
name,  is  here  designated  the  "  pick-up  "  time.  The  difference 
between  the  two  will  be  the  delay  in  getting  the  glass  from  its 
carrying-place  to  the  eye.    The  results  follow  : 


March  22,  1918 

Whole  time 

Delay 

Pick-up 

Binocular 

6.87  ±0.20 
5-53*0.24 

(4.25=^0.22) 
(2.59  ±0.29) 

1.96=^0.36 

2.62=1=0.09 

Monocular 

2.94=to.i7 

Difference 

1-34*0.31 

—  o.32=fco.i9 

March  23,  1918 

Binocular 

6.94=1=0.24 

5.85=to.20 
1.09=^0.31 

(4.60=^0.25) 
(3.07^0.23) 

1-53*0.34 

2.34=4=0.08 
2.78=^0.12 

Monocular 

Difference 

—0.44=^0.14 

In  the  first  day's  work  the  figures  are  each  the  result  of  22  ex- 
periments, in  the  second  24.    The  probable  errors  are  added. 

It  will  be  seen  that  the  delay  is  greater  for  the  binocular  by 
about  1.5  to  2.0  seconds,  with  a  very  small  degree  of  uncertainty. 
These  differences,  of  course,  apply  to  the  conditions  of  the  experi- 
ment— the  binocular  carried  in  its  case,  slung  over  the  shoulder 
with  the  lid  fastened,  and  the  monocular  in  the  buttoned  breast 
pocket.  It  is  to  be  added  that  the  binocular  cases  were  new,  and 
consequently  stiffer  and  harder  to  handle  than  in  average  practice. 

The  difference  in  the  pick-up  time  is  in  favor  of  the  binocular. 
It  is  not  large,  but  its  probable  error  is  sufficiently  small  to  make  it 
appear  far  more  like  a  true  experimental  result  than  like  an  acci- 
dent. The  possibility  remains,  nevertheless,  that  this  difference 
might  disappear  with  adequate  practice.  Against  this  must  be 
placed  the  fact  that  the  difference  is  here  greater  on  the  second 
day  than  on  the  first.  If  we  exclude  the  results  of  the  twelfth 
man  who  came  to  this  experiment  for  the  first  time  on  the  second 
day,  we  get  for  the  pick-up  times  :  Binocular,  2.30  .seconds ;  monoc- 
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ular.  2.83  seconds;  difference  in  favor  of  the  binocular,  0.53 
seconds.  As  far  as  can  be  said  from  these  results,  then,  this 
difference  g^rows  with  practice  rather  than  the  contrary. 

(5)  OPINIONS    OF    THE    OFFICER-OBSERVERS. 

At  the  close  of  the  last  day's  work  of  the  officers  who  acted 
as  observers  in  the  first  three  tests  detailed  here,  they  were  asked 
to  state  their  personal  preference  as  to  the  type  of  glass  and  to 
give  their  reasons  for  the  choice. 

Expressions  were  obtained  in  this  way  from  43  men,  all  of 
whom  but  one  chose  the  binocular.  The  reasons  stated  were 
analvzed  as  follows : 


Group  I.  Statements  made  as  favoring  the  binocular : 

I-  "Easier  on  the  eyes"  unqualified 20 HS 

"For  lengthy  observation"    3  "Trouble  with 

open  eye'    2  5 5" 

2.  "Objects  can  be   seen   more   'clearly,'  'distinctly,'   or 

'with  better  detail'  "   17 CS 

3.  "Movements  more  clearly  defined" 2 CS 

4.  Superior  in  "blurry  lights,"  on  "dark  days"   or  "in 

twilight" 4 CS 

5.  Easier  to  "pick  up"  an  object  6 CS 

6.  "Better    for    close-up    work"    and    "Better    view    of 

landscape"  2 CS 

7.  "Can  change  from  point  to  point  quicker" i 5" 

8.  Easier  to  get  "steady  vision,"  "hold  steady"  or  "hold 

on  obj  ect"  8 5" 

9.  "Quicker   adjustment"    2 Q 

10-  "Better  illumination"  2 PQ 

11.  "Field   of   view   larger" 9 X 

12.  "Brings    objects    nearer,"    "image    larger"    or    "more 

powerful"   3 X 

13.  "Natural  consequence  that  a  person  can   see  better 

with  two  eyes" i P 

14.  "Believe  I  can  do  better  work" 2 S 

15.  "Blurring    with    monocular" i S 

Total     8s 

Group  II.  Statements  made  as  favoring  the  monocular : 

1.  "Better  on  monocular  with  practice" 3 5" 

2.  "No  reason  why  it  could  not  be   used  with   success 

after  I  get  used  to  it"  or  "for  all  but  the  finest 

work"    6 5 

3.  "Quicker  pick-up"   i S 
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4.  "Lightness    (and   cost)"    i S 

5-  "Adjustment  quicker  and  simpler" 2 6" 

6.  "Easier  to  handle"    :  . .      i 5" 

Total 14  14 

Group  III.  Statements  favoring  neither  glass  : 

I.  Seeing  the  same  with  both 8 5" 

Total 8  8 

Grand   Total 107 

The  opinion  of  the  writers  as  to  the  vaHdity  of  these  reasons 
is  indicated  by  the  letters  following  the  numbers  attached  to  each 
snb-group  above,  the  key  to  these  following : 

C  -  Confirmed  by  the  conclusions  of  this  report  or  other  facts. 
H  -  Possibly  hearsay. 
P  -  Prejudgment. 

Q  -  Question  as  to  meaning  of  statement. 
S  -  Statement  of  man's  opinion  as  asked  for. 
A'  -  Contrary  to  physical  facts. 

While  there  are  85  points,  out  of  a  total  of  107,  expressed  in 
favor  of  the  binocular,  it  is  noteworthy  that  the  statements  in 
favor  of  the  monocular  and  the  indifferent  statements  are  not 
subject  to  such  dubious  criticisms  as  are  here  symbolized  by  the 
letters  H,  P,  Q,  and  X. 

While  it  cannot  be  denied  that  an  expression  in  favor,  say. 
of  the  binocular,  however  clumsily  and  erroneously  stated,  might 
be  motivated  at  bottom  by  the  author's  actual  experience  with  the 
instrument,  yet  the  common  tendency  is  strong  to  read  into  that 
experience  a  mass  of  ostensibly  related  material — opinions  heard 
which  may  or  may  not  be  well  foiuided,  and  which  may  in  either 
case  be  the  basis  of  prejudgment;  inferences  from  real  or  sup- 
posed facts  otherwise  known,  and  so  on.  For  example,  near  the 
close  of  the  work  on  one  of  the  twilight  runs,  one  of  the  men  in 
the  distant  field  stopped,  on  his  way  in,  to  talk  with  the  man  at  B. 
While  there  he  struck  a  match.  While  a  number  of  the  observers 
-Stated  that  at  a  certain  minute  "  /?  lit  a  cigarette,"  there  was  but 
one  who  reported  exactly  what  he  saw,  which  was  "  a  light  at  H." 

The  absence  of  questionable  matter  among  the  ex|)ressions  in 
Groups  11  and  ITT,  and  its  presence  in  Group  I  above,  would  indi- 
cate that  there  docs  not  exist  anv  bodv  of  preconception  in  favc^r 
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of  the  monocular,  w  hile  in  favor  of  the  binocular  such  preconcep- 
tion does  exist.  The  exact  results  of  this  report  bear  out  the 
opinions  in  their  main  tendency ;  nevertheless,  it  is  clear  that 
opinions  not  so  supported  can  be  credited  only  with  the  greatest 
caution.  Otherwise,  of  course,  the  present  work  would  not  have 
been  undertaken. 

SUMMARY  OF  CONCLUSIONS. 

(1)  In  daylight  under  various  weather  conditions  7174  ex- 
periments were  conducted  in  the  course  of  four  days  with 
binocular  glasses,  and  simultaneously  an  equal  number  with 
optically  identical  monoculars.  The  test  objects  were  men,  one 
at  each  of  eleven  points  in  the  field,  their  distances  being  various. 
from  410  to  1850  yards. 

Out  of  the  7174  possible  cases  the  men  were  detected  in  5047 
cases  with  the  binoculars  and  in  4726  with  the  monoculars.  The 
diflference  is  321.  which  is  4.5  per  cent,  of  the  total  or  6.8  per 
cent,  of  the  number  observed  with  the  monoculars. 

One  man  at  1850  yards,  walking  just  within  a  wood,  was  seen 
with  the  binocular  211  times,  with  the  monocular  141,  out  of 
684  posibilities  in  each  case.  The  difference  is  70,  which  is  10.2 
per  cent,  of  the  total,  or  49.7  per  cent,  of  the  monocular  number. 

The  other  men.  at  410  to  1800  yards,  were  seen  in  74.70  and 
70.93  per  cent,  of  6490  cases  with  the  binocular  and  monocular, 
respectively.  The  difference  is  3.8  per  cent,  of  the  total,  or  5.3 
per  cent,  of  the  monocular  result. 

(2)  The  ability  correctlv  to  discriminate  posture,  once  the 
man  is  localized  in  the  field,  is  based  on  the  number  of  times 
he  is  seen  at  all.  Tt  is  different,  according  to  the  criterion  of 
discrimination  used. 

For  the  detection  of  the  fact,  once  the  man  is  seen,  that  he 
is  either  aiming  a  rifle  or  extending  an  arm,  the  figures  show: 
Monocular,  45.. S5  per  cent. :  binocular,  53. 45  per  cent. ;  difference, 
7.9  per  cent,  of  total  men  observed,  or  17.3  per  cent,  of  monocu- 
lar result. 

For  correct  discrimination  between  aiming  a  rifle  and  ex- 
tending an  arm,  the  corresponding  figures  are :  Monocular,  36.34 
per  cent. ;  binocular,  45.18  per  cent. ;  difference,  8.84  per  cent.,  or 
24.3  per  cent,  of  the  monocular  result. 

(3)  How  these  differences  will  be  affected  by  practice  is  indi- 
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cated  in  the  results — the  differences  under  (i),  last  paragraph 
of  this  summary  are  largest  for  the  first  day  of  work.  Excluding 
the  first  day's  work  of  each  observer,  the  differences  are  2.7  per 
cent,  and  3.45  per  cent.,  as  against  the  differences  3.8  per  cent,  and 
5.3  per  cent,  there  stated  for  the  four  days.  After  the  first  day 
there  is  possibly  still  a  tendency  for  the  difference  to  diminish. 
On  the  other  hand,  the  detection  and  discrimination  of  posture 
improves  no  faster  with  the  monocular  than  with  the  binocu- 
lar as  practice  goes  on;  the  difference  tends  to  increase  rather 
than  to  diminish. 

(4)  Similarly  planned  experiments  carried  out  at  the  end  of 
the  day  in  the  failing  light  showed  slight  increase  in  these  differ- 
ences as  the  light  wanes.  More  abundant  experiments  would  be 
necessary  to  settle  this  point  conclusively,  but  the  ones  at  hand 
tend  to  confirm  the  conclusions  of  Part  II  of  this  report  as  to 
the  advantage  of  the  binocular  in  light  of  twilight  intensity. 

(5)  In  counting  groups  of  men,  from  7  to  1 1  in  number  at 
distances  of  1190  to  1800  yards,  as  compared  with  the  monocular, 
the  binocular  showed  more  correct  counts,  by  5.2  per  cent,  to  5.5 
per  cent,  of  the  total  experiments;  fewer  total  failures  (by  44.7 
per  cent,  of  the  monocular  failures  on  one  hazy  day)  ;  and  a 
smaller  aggregate  error  in  the  remaining  counts,  by  17.7  per  cent, 
and  27.1  per  cent,  of  the  aggregate  monocular  error  for  the 
two  days,  respectively. 

(6)  The  differences  in  favor  of  the  binocular,  so  far  sum- 
marized, may  be  due  in  part  to  an  inequality  of  the  acuteness  of 
vision  in  the  two  eyes,  in  that  with  the  monocular  the  poorer 
eye  is  used  alone  a  part  of  the  time,  while  with  the  binocular  the 
good  eye  is  always  at  work. 

(7)  Forty-six  experiments  with  each  type  of  glass  showed 
that  1.5  to  2.0  seconds  more  were  consumed  in  the  delay  inci- 
dental to  getting  the  binocular  to  the  eyes  from  its  carrying- 
place  than  were  similarly  required  to  get  the  monocular  into 
action.  On  the  other  hand,  the  binocular,  once  at  the  eyes,  enabled 
the  user  to  report  on  an  easily  visible  te.st  object  in  0.32  to  0.44 
seconds  less  time  than  the  monocular.  The  corresponding  times 
themselves  (delay  and  "pick-up"  time),  averaged  for  both 
glasses,  were  3.6  and  2.7  seconds,  respectively. 

(8)  Of  the  opinions  of  43  observers  who  took  part  in  the 
bulk  of  this  work,  all  but  i  were  in  favor  of  the  binocular.    Of  the 
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reasons,  in  detail,  given  for  the  choice,  85  were  in  favor  of 
the  binocular;  14  points  of  favor  were  at  least  admitted  for  the 
monocular,  and  8  statements  were  made  to  the  efTect  that  the  two 
afforded  equally  good  vision.  Evidence  of  preconception 
was  abundant  in  the  reasons  stated  for  preferring  the  binocular 
and  not  elsewhere. 

PART  IV. 

Summary  and  Conclusions. 

It  remains  to  discuss  the  bearings  of  this  work  upon  the  prac- 
tical question  of  field-glasses  for  military  use. 

A.  The  fundamental  points  in  physiological  optics  upon  which 
the  problem  rests  have  Ijecn  discussed  in  the  introduction.  They 
are,  as  far  as  can  be  formulated : 

(i)   The  question  of  visual  acuity*; 

(2)  The  perception  of  brightness  (and  possibly  color) 
dift'erence; 

(3)  The  twilight  effect,  i.e.,  the  modifications  of  these  that 
may  be  encountered  in  dim  light ; 

(4)  The  stereoscopic  effect. 

B.  Aside  from  these,  certain  practical  considerations  enter 
the  problem,  some  of  which,  at  least,  are  less  easily  susceptible  of 
experimental  measurement : 

( 1 )  The  cost  and  time  of  production  and  of  maintaining  the 
glass  in  usable  condition  ;  the  ease  of  carrying,  etc. ; 

(2)  The  comfort,  convenience,  freedom  from  fatigue  and 
eye-strain  in  the  use  of  the  glass; 

(3)  The  speed  of  application  and  use  in  the  field. 

A  (1)  Field  tests  with  a  limited  numl^er  of  observers  (Part  I 
of  this  report)  showed,  with  equal  mechanical  convenience  of 
using  the  glass,  that  the  binocular  use  of  the  glass  at  best  yielded 
no  better  results  than  monocular  use  in  connection  with  the  ob- 
server's better  eye.  The  field  tests  of  Part  III  do  not  confirm 
this,  but  it  must  be  said  that  it  is  an  unknown  factor  whether  or 
not  the  observers  in  the  latter  case  invariably  used  the  better  eye. 
Presumably  they  did  not.  And  further,  the  mechanical  con- 
venience of  using  the  glasses,  monocular  and  binocular,  in  the 
latter  case  was  not  equalized.  In  addition,  there  was  a  decided 
difference  in  the  character  of  the  test  objects  used  in  Parts  I  and 
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III ;  in  the  former  the  object  was  of  minimal  size  and  maximal 
contrast,  while  in  the  latter  the  size  of  the  objects  placed  them 
well  above  the  threshold,  but  the  brightness  difference  and  also 
the  color  contrast  were,  as  a  rule,  small. 

(2)  Laboratory-  work  (without  glasses)  has  shown  that  the 
perception  of  small  brightness  dififerences,  e.g.,  faint  shadows,  is 
more  acute  with  two  eyes  than  with  one.  Again,  when  the  test 
object  is  the  faintest  luminous  patch  visible  in  the  dark,  it  is 
found,  when  the  subject  has  remained  in  the  dark  for  some  time, 
that  the  patch  to  be  seen  with  one  eye  must  be  nearly  twice  as 
bright  as  the  same  surface  just  binocularly  visible. 

(3)  The  twilight  modification  of  vision,  with  respect  to 
visual  acuity,  occurred  in  the  Laboratory  (Part  II)  in  the  sense 
of  better  vision  for  the  binocular,  other  conditions  equalized.  The 
results  of  the  practical  test  confirm  this  for  the  conditions  of  the 
test,  or  at  least  they  wholly  fail  to  contradict  it  in  any  way. 

(4)  The  stereoscopic  effect  plays  a  distinct,  perhaps  very 
important,  part  in  ordinary  vision  in.  localizing  objects  as  to  dis- 
tance. Yet  it  hardly  appears  that  it  is  of  prime  importance  from 
the  military  standpoint.  In  one  case  (Part  III  of  the  report)  the 
test  object  at  Station  ])  was  seen  against  a  background  nnich  more 
remote,  and  afforded  a  very  marked  stereoscopic  effect.  The 
average  results  for  the  experiments  on  this  station,  and,  for  com- 
parison, the  averages  for  all  stations  from  Table  XIII  are 
given  here : 

D,  from  totals,  Table  XI  or  XII 

S  ew  ro 

Binocular 81.7  82.8  71.0 

Monocular 78.0  74.5  60.5 

Difference 3.7  8.3  10.5 

/;,  weighted  ;is  finals  Table  XIII 

Binocular 8i.o6±o.o8         81.34  =to.3i  69.77*0.53 

Monocular 77.29  =»=o.oi  72.53*0.34         58.18*0.22 

Difference 3.77  8.81  11.59 

All  stations,  as  in  Table  XIII 

Binocular ..      74.70*0.06         53-45  =*=»-'>.S         45-i8*o.i7 

Monocular 70.93*0.07         45-55=*=o-i4        36.34=*=0-07 

Difference 3.77  7.90  8.84 
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The  first  figures  are  the  percentages  derived  from  the  total 
numbers  under  D.  ahke  in  Tables  XI  and  XII.  The  second  set  are 
the  averages  of  the  daily  percentages,  weighted  exactly  as  the 
values  for  all  stations,  Table  XIII.  For  comparison  the  final 
averages  for  all  stations  (Table  XIII)  are  here  repeated. 

It  will  be  seen  that  the  values  for  D,  however  treated,  show 
the  same  divergence  from  the  values  for  all  stations.  The  5"s 
are  practically  the  same,  while  under  ezv  and  ro  the  results  for 
Station  D  are  somewhat  larger  than  the  general  averages.  The 
binocular  parallax  at  D — computed  from  the  distances  1 190  yards 
(D)  and  1190  +  500  (background),  taking  the  distance  between 
the  objectives  from  one  of  the  binoculars  used,  set  for  65  mm. 
pupillary  distance,  as  actually  measured,  4.9  inches  or  0.136  yard, 
and  finally,  taking  the  magnification  as  6 — is  41.8  seconds  of  arc 
in  the  visual  field.  The  station  next  to  D,  in  point  of  the  magni- 
tude of  effective  parallax,  is  A.  Here  the  distances  are  1180  and 
1180-67  yards,  for  the  man  and  the  background  respectively, 
and  the  similarly  computed  parallax  is  7.58  seconds.  This  last 
is  very  near  to  the  lowest  limit  ever  assigned  as  sufficient  for  a 
judgment  of  depth  and  agrees  well  with  the  informal  note  on 
Station  A:  "  X^ot  much  stereoscopic  effect,"  while  the  parallax 
at  D  is  abundant.  The  conclusion  would  seem  to  be  that  the 
stereoscopic  efifect  is  a  distinct  advantage  for  binocular  discrimi- 
nation ;  but  at  the  same  time  it  must  also  be  emphasized  that, 
judging  from  the  data  just  presented,  the  advantage  of  the  binocu- 
lars is  almost  certainly  due  largely  to  other  factors  that  have  not 
yet  received  sufficient  study  in  isolation,  such  as  the  comparative 
discrimination  of  small  brightness  differences,  the  detection  of 
motion,  and  in  general  the  part  played  by  the  peripheral  retina. 

In  connection  with  the  work  done  at  Camp  Meade,  it  is  to  be 
borne  in  mind  that  the  differences  between  the  monocular  and 
the  binocular  results  are  not,  in  point  of  magnitude,  of  sweeping 
moment.  At  the  maximum  the  difference  amounts  to  something 
not  over  12  per  cent,  of  the  total  experiments.  If  we  take  it  that 
25  per  cent,  difference  in  frequency  corresponds  to  9  per  cent, 
difference  in  size,  the  size  difference  equivalent  to  12  per  cent, 
frequency-difference  is  a  trifle  less  than  4.5  per  cent.  It  is  then 
a  safe  theoretical  conclusion  that  an  increase  of  4.5  per  cent,  in 
magnification  (6.27  instead  of  6.00)  wouVl  offset  the  relative  dis- 
advantage of  the  monocular  in  the  most  unfavorable  case.    What 
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has  just  been  said  has  reference  to  discrimination,  under  the 
headings  ezv  and  ro  of  Part  Hi  of  the  report.  In  regard  to  the 
effect  of  practice  on  these  particular  modes  of  vision  the  resuUs 
seem  to  show,  as  far  as  they  go,  that  the  equaHzation  of  practice, 
up  to  the  fourth  and  fifth  days  with  the  monocular,  tends  rather 
to  increase  than  to  diminish  the  difference.  How  far  this  would 
ultimately  go  remains  undetermined. 

B.  As  far  as  the  cost  and  speed  of  production,  and  lightness, 
are  concerned,  the  advantage  is  overwhelmingly  in  favor  of  the 
monocular.  Perhaps  under  this  general  head  is  the  place  to  men- 
tion again  the  difference  of  1.5  to  2.0  seconds  found  in  the  time 
required  to  get  the  glass  from  its  carrying-place  to  the  eyes.  On 
the  other  hand,  the  comfort  of  use,  involving  the  relative  freedom 
from  eye-strain  or  fatigue  in  other  respects,  would  play  a  part 
in  determining  the  results  of  the  tests;  and  it  also  figures  in  the 
opinions  of  the  observers.  The  results  of  Part  HI  of  the  report, 
under  the  head  6^,  depend  upon  the  number  of  times  a  given  test 
object  was  seen,  as  compared  with  the  total  number  of  times  it 
might  have  been  seen.  This  depends  obviously,  on  how  continu- 
ously and  thoroughly  the  individual  observer  watches  the  field. 
As  a  matter  of  course,  the  effectiveness  of  his  vigilance  will  l)e 
influenced  by  such  considerations  as  those  just  mentioned.  The 
fraction  of  the  whole  time  that  he  has  the  glass  at  his  eyes  will 
be  reduced  by  the  physical  inconvenience  of  holding  the  glass  in 
position  and  by  the  demands  of  his  eyes  and  the  rest  of  his  body 
for  relief  from  fatigue.  These,  again,  will  tend  to  diminish  by 
habituation  to  any  particular  requirement.  With  regard  to  the 
results  under  S,  it  appears  possible  that  the  binocular-monocular 
difference  actually  did  diminish  in  this  way  to  some  extent,  as 
practice  continued. 

This  difference  itself  is  in  harmony  with  the  difference  in  the 
time  of  "picking  up"  an  object,  treated  in  the  fifth  section  of 
Part  III  of  the  report.  The  difference  was.  on  the  average,  some- 
thing like  0.4  seconds  in  favor  of  the  binocular,  and  the  differ- 
ences under  .9  are  no  doubt  simply  another  expression  of  the  same 
underlying  fact. 

In  the  foregoing  it  has  Ix'cn  shown  that  in  the  hands  of  not 
very  highly  experienced  ol)servers  the  binocular  performs  slightly 
better  than  the  monocular,  and  that  the  difference  in  performance 
can.  for  6-powcr  glasses,  be  cxjiresscd  as  an  effective  difTerence  in 
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magnification  of  alx)ui  4.5  per  cent.;  i.e.,  a  monocular  of  mag- 
nification b.2j  would  show  the  same  performance  as  a  binocular 
of  magnification  6.00.  This  difference  of  magnification  is  evi- 
dently not  regarded  bv  military  authorities  as  of  paramount  im- 
portance, for  6-po\ver  glasses  were  adopted  as  standard  even 
though  tests  on  binoculars  carried  on  for  two  years  at  Ft.  Sill, 
Oklahoma,  clearly  indicated  a  magnification  of  8  as  the  optimum 
for  field  artillery  work.  The  adoption  of  the  6-power  glass  was 
presumably  the  result  of  a  compromise  between  optical  and  other 
considerations.  Since  the  behavior  of  the  two  types  of  glasses  is 
not  very  different,  and  since  the  non-optical  factors  are  largely 
in  favor  of  the  monocular,  it  appears  that  in  many  phases  of 
military  work,  monoculars  of  the  proper  magnification  can  be 
used  to  advantage. 

The  writers  wish  to  acknowledge  the  courtesy  of  the  May- 
field  Country  Club  in  according  them  the  privilege  of  the  grounds 
for  the  purpose  of  the  work  discussed  in  Part  I,  the  generosity  of 
the  Warner  &  Swasey  Company  for  the  loan  of  the  two  terrestrial 
telescopes  used  in  Parts  I  and  III,  the  hearty  cooperation  of  all 
meml^ers  of  the  Board  to  Test  Snipers'  Equipment  in  the  work 
reported  in  Part  ITT.  and  the  services  of  Mr.  George  Hathaway 
and  Mr.  Stanlev  Seidman  as  observers  and  technical  assistants 
in  Parts  I  and  IT,  respectively. 

Xela  Research   Laboratory, 
Ci-EVELAND.  Ohio. 
August,  1919. 

Experiments  with  Soy-bean  Meal  as  a  Substitute  in  the  Army 
Ration  are  described  by  Capt.  Arthur  W.  Dox  in  the  Proceedings 
of  the  Iowa  Academy  of  Science,  1918,  xxv,  517-519.  Soy-bean 
meal  and  soy-bean  flour  are  by-products.  The  oil  is  pressed  from 
the  soy  beans  and  the  press  cake  is  ground  and  sifted.  The  flour 
and  meal  used  in  the  experiments  contained  6.5  per  cent,  moist- 
ure, 44.1  per  cent,  protein,  3.3  per  cent,  fat,  5.9  per  cent,  crude 
fibre,  and  35.5  per  cent,  carbohydrates.  The  experiments  were 
conducted  under  the  auspices  of  the  Food  Division,  Sanitary 
Corps  of  the  United  States  Army  at  Camp  Travis,  San  Antonio. 
Texas,  on  messes  of  both  officers  and  enlisted  men  ;  each  mess 
included  from  100  to  200  soldiers.  The  army  ration  prescribes  18 
ounces  of  wheat  flour,  part  of  which  may  be  replaced  by  other 
cereals.  Soy-bean  meal  w^as  used  in  soups ;  one  and  one-half 
ounces  of  the  meal  and  one  pint  of  boiling  w^ater  was  the  proper 
ratio ;  they  were  boiled  for  five  minutes,  then  the  other  ingredients 
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were  added.  The  soup  was  not  very  palatable  without  proper 
seasoning.  With  seasoning  a  very  palatable  dish  was  prepared. 
For  bread  a  mixture  of  80  per  cent,  wheat  flour  and  20  per  cent, 
soy-bean  flour  was  used.  The  product  was  darker  in  color  than 
wheat  bread,  but  was  excellent  in  flavor;  the  loaves  did  not  attain 
the  usual  height.  When  more  than  20  per  cent,  soy-bean  flour 
was  used,  the  loaves  tended  to  become  soggy;  probably  10  per  cent, 
would  yield  the  best  results.  Unlike  bran,  admixture  of  soy-bean 
flour  does  not  decrease  the  nutritive  value  of  the  bread,  for  soy- 
bean flour  contains  a  high  per  cent,  of  protein  or  nitrogenous 
food,  and  this  protein  is  of  high  quality  and  96  per  cent,  digestible. 
For  the  same  reasons  sov-bean  flour  is  preferable  to  corn  meal. 

J.S.H. 

At  the  International  Hydrographic  Conference  held  in  Lon- 
don in  the  summer  of  1919,  twenty-three  countries  were  repre- 
sented. The  purpose  was  to  compare  and  study  the  methods  used 
in  the  several  countries  in  order  to  determine  the  best  among 
them  and  to  standardize  the  hydrographic  publications  of  all 
countries  as  far  as  possible.  In  the  "  Light  Lists  "  now  are  in- 
cluded "  wireless  direction-finding  stations  "  and  "  sound-ranging 
signal  stations."  It  was  recommended  that  all  countries  adopt 
"  time  zones  "  at  sea,  as  Great  Britain,  France,  and  Italy  have 
already  done.  A  committee  of  which  Rear  Admiral  Simpson, 
United  States  Navy,  is  a  member  is  to  present  to  the  various  gov- 
ernments the  arguments  for  the  establishment  of  an  International 
Ilvdrographic  Bureau. 

G.  F.  S. 

A  Positive  Ray  Spectrograph.  F.  W.  Aston.  {Phil.  Mag., 
December,  1919.) — After  the  positive  rays  have  passed  the  cathode 
they  traverse  two  very  narrow  slits.  The  resulting  ribbon  of 
rays  is  then  spread  out  into  an  electric  spectrum  uj)on  passing 
through  a  static  held  between  two  ])arallel  ])lates.  .\  i)art  of  the 
spectrum  is  allowed  to  traverse  a  diaphragm  and  subsequently  a 
magnetic  held  between  the  parallel  ])ole  pieces  of  an  electro- 
magnet. This  magnetic  field  deflects  the  rays  in  a  direction  oppo- 
site to  that  in  which  they  were  bent  by  the  electric  field.  Rays 
which  have  the  same  relation  of  mass  to  charge  now  are  brought 
to  a  focus  and  can  be  photographed.  Preliminary  tests  indicate 
that  the  instrument  gives  clearly  defined  foci  and  leads  the  ex- 
])erimenter  to  hope  that  it  may  be  used  to  determine  whether  neon 
is  an  element  or  an  isotopic  mixture. 

"To  make  slits  with  beautifully  paralitl  sides  to  almost  any 
degree  of  fineness,  .01  mm.  being  easil\  obtainable."  Mr.  Aston 
bores  a  hole  in  an  aluminum  cylinder  and  then  flattens  the  hole 
out  by  crushing  the  c\linder. 

G.  F.  S. 


THE  COLORIMETRY  OF  NEARLY-WHITE 
SURFACES.* 


A.  H.  PFUND,  Ph.D. 

Associate  Professor  of  Physics.  Johns  Hopkins  University. 

If  from  an  assortment  of  papers,  we  had  picked  out  the  sheets 
which  appealed  to  us  as  being  white,  we  would  be  satisfied  with 
our  choice  until  we  laid  the  sheets  side  by  side.  By  comparison, 
some  would  be  yellowish,  others  bluish,  etc.,  and  it  would  be  dif^- 
cult,  if  not  impossible,  to  decide  upon  one  sTieet  that  was  truly 
white.  Problems  of  this  character  are  continually  arising  in  the 
paper,  paint  and  textile  industries.  Up  to  the  present  time  it  has 
been  sought  to  regulate  the  uniformity  of  product  by  establishing  a 
series  of  standard  examples  which  define  the  limits  of  tolerance. 
Leaving  out  of  consideration  the  question  of  reproducibility,  the 
principal  objection  to  be  urged  against  this  mode  of  procedure 
is  that  the  standards  themselves  are  subject  to  change  with  time. 
To  be  sure,  this  difficulty  has  long  been  recognized  and  numerous 
attempts  have  been  made  to  apply  the  methods  of  monochromatic 
and  trichromatic  colorimetry.  However,  these  attempts  have 
been  unsuccessful  because  of  the  fact  that  the  departure  £rom 
white  is  usually  so  very  slight  that  accurate  measurements  of  this 
departure  are  out  of  the  question.  In  the  instrument  to  be  de- 
scrilied,  the  departure  is  much  accentuated  and  is  thus  made 
amenable  to  accurate  measurement. 

Before  taking  up  a  description  of  the  apparatus,  it  may  not 
l)e  out  of  place  to  discuss  the  term  "  white."  According  to  Nut- 
ting ^ :  "  White  is  difficult  to  define  and  its  definition  is  more  or 
less  arbitrary.  Subjectively,  white  is  that  color  in  comparison 
w'ith  which  any  other  color  appears  tinted.  Objectively,  the  light 
of  the  midday  sun  ^  (blue  sky  light  excluded),  reflected  from  a 
non-selective  surface,  is  white.    White  can  be  defined  in  physical 

*  Communicated  by  the  Author. 

'Xutting:     "Outlines  of  Applied  Optics"   (p.  154),  Blakiston. 

^At  present  opinions  diflfer  as  to  the  choice  of  a  standard  source  of 
white  light.  Whether  it  is  to  be  the  midday  sun,  average  daylight,  or  the 
visible  radiations  of  a  black  body  of  known  temperature,  the  action  of 
some  national  or  international  body  is  urgently  desired. 
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units  only  through  its  spectral  energy  curve."  In  speaking  of  a 
surface  as  yellow  or  blue,  it  is  tacitly  assumed  that  white  light  is 
incident  on  the  surface.  If,  therefore,  a  body  reflects  selectively, 
it  is  to  be  called  "  colored,"  whereas,  if  it  reflects  non-selec- 
tively,  it  is  to  be  called  "  white."  According  to  this  nomenclature 
it  is  entirely  proper  to  speak  of  one  surface  as  being  "  brighter  " 
than  another  or  "  departing  more  from  white."  The  term 
"  whiter  than  "  may  not  be  used,  because  the  two  concepts  ( i )  in- 
crease in  brightness  and  (2)  decrease  in  departure  from  white 
(saturation)  are  both  involved. 

The  present  discussion  deals  with  surfaces  of  great  bright- 
ness and  small  departure  from  white.  In  order  to  accentuate  this 
departure,  the  method  of  multiple  reflections  was  applied.  If 
white  light  be  allowed  to  fall  on  the  surface  that  is  slightly 
greenish,  it  is  obvious  that  the  diffusely  reflected  light  will  con- 
tain an  excess  of  green.  If  now  this  light  be  allowed  to  fall  on  a 
second  surface,  identical  with  the  first,  the  light  reflected  will  be, 
relatively,  still  richer  in  green.  By  allowing  similarly,  a  third 
and  fourth  reflection  to  take  place,  it  is  possible  to  accentuate  the 
green  tint  very  pronouncedly.  If  a  surface  be  truly  white,  i.e., 
non-selective,  multiple  reflections  will  affect  only  the  intensity  of 
the  light — not  its  spectral  distribution.  As  will  be  shown  later,  we 
have  here  an  extremely  sensitive  test  of  selectivity.  Anticipating 
the  results  to  be  presented  it  may  be  stated  that  of  the  many  sur- 
faces studied  (papers,  salt,  sugar,  zinc  oxide,  white  lead,  precipi- 
tated salts,  etc.),  not  a  single  one  has  been  found  that  does  not 
depart  noticeably  from  white. 

Multiple  reflections  may  be  realized  in  a  number  of  dift'erent 
arrangements,  as  is  shown  in  Fig.  i.  Here  (a)  represents  a  tube 
coated  on  the  inside  with  the  material  to  be  tested  (3  reflections)  ; 
(6)  represents  two  circular  discs  coated  on  the  sides  facing  one 
another  (3  reflections)  ;  (c)  a  hollow  sphere  with  central  disc 
(4  reflections).  The  condition  sought  in  all  cases  is  that  no  light 
leaving  the  surface  after  the  first  reflection  shall  illuminate  di- 
rectly that  portion  from  which  the  light  finally  emerges.  Clearly, 
the  design  {d)  is  faulty  but  ((?)  is  good.  While  it  is  true  that  the 
accentuation  of  tint  increases  exi>onentially  with  the  number  of 
reflections,  a  limit  is  set  because  of  the  resultant  decrease  in  in- 
tensity. Furthermore,  preference  must  be  given  that  design 
which  lends  itself  most  readily  to  the  application  of  the  surface 
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to  be  studied.  Taking  all  of  these  elements  into  consider- 
ation the  design  (b)  was  finally  chosen  and  incorporated  in 
the  colorimeter. 

The  degree  of  accentuation  may  be  calculated  with  readiness 
by  studying  the  change  in  brightness  (coefficient  of  diffuse  re- 
flection) resultant  upon  the  successive  introduction  of  two  differ- 
ent surfaces  into  the  colorimeter.     Let 

/o  =  intensity  of  incident  light. 

/,  =  intensity  of  light  after  n  reflections  from  material  i. 

/,  =  intensity  of  light  after  n  reflections  from  material  2. 
y?,  =  coefficient  of  diffuse  reflection  of  material  i  (known), 
i?,  =  coefficient  of  diffuse  reflection  of  material  2  (known). 

n  =  number  of  reflections. 

K  =  instrumental  constant. 


Then:    /i     hK Rl'         h 

or 


(I)" 


/j      IqK  Ri  I<i      \Ri 

log  f- 

whence   „  =  — - 
1     ^^ 

^""^Rr 

For  a  substance  of  unknown  brightness  R3 : 

Ri  =  Ri\b 

Now  y?i  and  Ro  may  be  determined  by  means  of  a  Nutting 
(absolute)  reflectometer  or  by  means  of  the  usual  methods  of 
photometry,  in  which  case  use  in  made  of  a  surface  smoked  with 
magnesium  oxide,  whose  reflecting  power  has  been  determined  (87 
per  cent,  j  and  which  serves  as  a  standard  of  brightness.  The  inten- 
sities 1 1  and  1 2  are  determined  with  the  new  colorimeter.  The  value 
of  n  is  determined  by  the  relative  sizes  of  the  colorimeter  plates 
and  of  their  separation.  For  separations  of  the  order  of  the 
diameter  of  the  upper  disc  n-T,  or  slightly  greater;  as  the  sep- 
aration decreases,  n  becomes  larger.  For  the  actual  tests  here 
recorded,  the  separation  was  such  as  to  yield  the  value  n  =  3.6 
while  in  a  series  of  tests  later  on  with  a  smaller  separation  n 
=  4.2.  If  we  were  dealing  with  specular  reflection,  n  would 
necessarily  have  to  be  a  whole  number.  However,  we  are  dealing 
with  dififuse  reflection  and.  while  n  must  equal  at  least  3,  it  may 
be  considerably  larger,  due  to  the  numerous  reflections  which 
take  place.  Since  the  human  eye  cannot  detect  differences  in 
intensity  less  than  i  to  2  per  cent.  (Fechner's  Law)  it  is  clear  that 
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the  method  of  multiple  reflections  makes  possible  a  discrimination 
between  two  surfaces  whose  brightness  difference  is,  roughly, 
one-fourth  of  the  above. 

Considerations  of  a  similar  nature  apply  to  the  determination 
of  the  departure  from  white  or  "  saturation,"  i.e.,  if  green  light 
be  in  excess  by  i  per  cent,  after  a  first  reflection,  the  excess  will 
be  approximately  4  per  cent,  after  multiple  reflections  have  taken 
place.     Considering  the  truly  marvelous  sensibility  of  the  eye  in 

Fig.  I. 


C^^^'^^'' 


(b) 


distinguishing  color  differences  between  two  contiguous  surfaces 
of  large  area,  it  would  be  rash  to  state  that  the  new  colorimeter  is 
able  to  determine  color  differences  between  two  surfaces  which, 
under  normal  conditions,  appear  to  be  of  the  same  brightness  and 
tint.  This  much  may  be  said,  however:  if  the  coloriniotric  analy- 
sis of  the  two  surfaces  is  the  same,  the  unaided  eye  may  be  able 
to  distinguish  a  difference  without  being  able  to  define  the  char- 
acter of  that  dift'crcnce. 

The  apparatus,  as  actually  constructed,  is  shown  in  Fig.  2. 
Here  L  is  a  100  watt  Mazda  C  lamp  which  illuminates  the  outer 
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portion  of  the  circular  disc  A  whose  upper  surface  is  covered  with 
the  material  to  be  studied.  The  light,  diffusely  reflected,  illum- 
inates the  lower  (coated)  surface  of  the  disc  B,  which,  in  turn, 
illuminates  the  central  portion  of  the  die  A.  The  light,  after 
multiple  reflections,  passes  upward  through  a  central  opening  in  B 
and  is  reflected  horizontally  by  means  of  the  photometer  cube  P. 
Another  beam  of  light  leading  L  is  reflected  from  a  disc  of  clear 
optical  glass  (7.  roughly  ground  on  both  sides.     (Without  going 

Fig.  2. 


into  details  it  may  be  stated  that  the  most  painstaking  tests  have 
shown  that  such  a  plate  reflects  visible  radiations  non-selec- 
tively.)  This  light  passes  through  the  tube  T  and  fills  the  upper 
half  of  tlie  field  of  view  of  the  photometer  cube  which  has  a 
horizontal  line  of  demarcation.  The  intensity  of  this  beam  varies 
by  rotating  the  disc  G  about  a  horizontal  axis.  A  pointer,  at- 
tached to  the  rod  bearing  disc  G  moves  over  a  graduated  scale  and 
thus  yields  readings  corresponding  to  definite  positions  of  the 
plate  G.  Numerical  values  of  intensities  are  obtained  as  a  result 
of  separate  calibration  involving  the  removal  of  plate  A  and  the 
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admission  of  a  beam  of  light  K  coming  from  a  separate  lamp 
(mounted  on  a  photometer-bench)  and  illuminating  a  surface  of 
MgO.  This  light  reflected  diffusely,  is  again  deflected  by  a  prism 
along  the  path  K.  So  as  not  to  complicate  the  drawing  unduly, 
this  calibrating  device  is  not  shown.  The  intensity  of  the  light 
leaving  G  may  be  varied  in  the  ratio  1:15.  Whenever  it  be- 
comes necessary  to  extend  this  range  in  either  direction,  a  wire 
gauze,  coated  with  soot,  is  introduced  either  at  R  or  Q.  Since 
the  percentage  transmission  of  the  gauze  may  be  regulated  by 
choosing  the  appropriate  ratio  of  width  of  mesh  to  diameter  of 
wire,  it  is  possible  to  take  care  of  all  possible  cases. 

The  photometer  tube  is  viewed  through  a  simple  eye-piece 
yielding  a  linear  magnification  of  2.5.  Openings  are  provided  in 
the  eye-piece  tube  for  the  insertion  of  a  piece  of  "  daylight " 
glass  which  transforms  the  yellowish  light  from  the  tungsten 
lamp  into  "  white  "  light.  It  must  be  admitted  that  the  instrument 
is  incomplete,  in  so  far  as  character  of  "  white  "  light  is  con- 
cerned. As  previously  mentioned  in  a  foot-note,  this  matter  is 
beyond  the  writer's  control.  Preliminary  experiments  have  been 
carried  out  to  realize  a  source  of  white  light.  Using  solutions  of 
colored  inorganic  salts  in  absorption  cells,  together  with  a 
tungsten  lamp,  burning  at  a  known  efficiency,  it  was  possible  to 
reproduce  noonday  sunlight  very  closely.  This  work  will  be 
taken  up  anew  when  the  definition  of  white  light  shall  have  been 
established.  In  the  preliminary  experiments  a  piece  of  daylight 
glass  was  used  and  the  tungsten  lamp  was  burned  at  an  efficiency 
of  0.8  watt  per  candle.  Consequently  the  results  to  be  presented 
later  must  be  looked  upon  simply  as  illustrations  of  the  types  of 
problems  which  may  be  attacked. 

In  order  to  produce  a  colormatch,  a  beam  of  monochromatic 
light,  emanating  from  the  secondary  slit  6^2  of  a  monochromatic 
illuminator,  is  projected  on  the  plate  G  and  passes  through  it — 
thus,  monochromatic  light  is  superimposed  on  the  white  light 
from  L.  The  intensity  of  the  former  is  varied  by  means  of  a 
rheostat  in  series  with  the  lamp  illuminating  the  slit  of  the  mono- 
chromatic illuminator.  Color-matching  is  not  a  simple  operation 
since  three  variables:  (i)  intensity  of  white  light,  (2)  intensity 
of  colored  light,  (3)  wave-length  of  colored  light  have  to  be  con- 
trolled.    Proficiency  is  reached  only  after  long  experience. 

If  the  surfaces  A  and  B  reflect  very  selectively  it  is  difficult  to 
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balance  the  markedly  colored  beam  (K)  against  the  white  beam 
{IF)  and  it  will  always  be  difficult  to  balance  the  monochromatic 
beam  (M)  against  white  light  with  the  arrangement  shown.  Ob- 
viously a  device  involving  "  flicker  "  ought  to  be  introduced  to 
replace  the  simple  eye-piece.  While  a  design  for  such  a  flicker- 
photometer  has  been  prepared,  it  was  found  possible  to  dispense 
with  its  use  primarily  because  of  the  fact  that  the  surfaces  dealt 
with  departed  from  white  but  slightly.  The  intensity  of  the 
monochromatic  light  is  determined  by  the  "  method  of  differ- 
ences," as  will  be  shown  presently. 

Following  the  usual  methods  of  monochromatic  colorimetry, 
color  characteristics  of  any  surface  (single  reflection)  are  de- 
fined in  terms  of : 

1.  Brightness  (B),  coefficient  of  diffuse  reflection. 

2.  Saturation  (S),  ratio  of  intensity  of  monochromatic  Hght  to 

total  light  required  to  produce  a  color-match. 

3.  Dominant  Hue  (A),  wave-length  of  monochromatic  light. 

Since  the  necessary  mode  of  procedure  for  obtaining  the 
brightness  (B)  has  already  been  discussed  it  is  only  necessary  to 
take  up  the  matter  of  saturation  (S). 

Let 

/,  =  intensity  of  white  light  required  to  balance  light  from 

surface  under  investigation  (single  reflection). 
/i  =  intensity  of  white  light  necessary  for  color-match. 
/x  =  intensity  of  colored  light  necessary  for  color-match. 

Then  7,=/,+/^  whence  ly^^Io—Ii 

then     c_    -^^    -^  lo—^i 

According  to  this  procedure,  /  x  need  not  be  measured,  hence  the 
introduction  of  a  flicker-photometer  becomes  unnecessary. 

The  value  of  A  is  obtained  from  the  calibration  curve  of  the 
monochromatic  illuminator.  If,  instead  of  a  single  reflection,  n 
reflections  are  realized,  then  the  saturation  is  accentuated  and  it 
is  necessary  to  extract  the  nth  root  of  the  apparent  saturation  so 
as  to  reduce  the  measurement  of  the  conditions  under  which  the 
surface  is  normally  viewed,  i.e.,  a  first  reflection. 

Whenever  the  departure  from  white  is  marked,  i.e.,  when  the 
true  saturation  is  5  per  cent,  or  more,  readings  are  easily  repro- 
ducible.  Intensity  measurements  rarely  differ  by  more  than  i  per 
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cent,  and  the  dominant  hue  can  be  fixed  to  within  i  to  1.5/11/*, 
However,  when  saturation  values  are  small  (less  than  0.7  per 
cent.)  measurements  become  increasingly  difficult — particularly 
in  fixation  of  the  wave-length  of  the  dominant  hue. 

The  following  table  contains  data  on  the  color  characteristics 
of  a  number  of  nearly-white  substances  : 


Substance 


Magnesium  Oxide 
Magnesium  Carbonate 

Paper 

Paper 

White  lead 

Zinc  Oxide  (pure) . . 

Zinc  Oxide  (leaded) 


Bright- 

Satur- 

ness 

ation 

Per 

Cent. 

85 
87 

Per 
Cent. 
0.2 
0.75 

67 

74 
69 

0.70 
3-8 

77 

I.O 

68 

71 

Dominant  hue 


486  Blue 
578  Yellow 

489  Blue 
581  Yellow 
580  Yellow 

562  Green 

583  Yellow 


Remarks 


Fumes  from  burning  Mg. 

Scrapings  from  commercial 
black — flattened  with  glass. 

Single  sheet  linen  paper  (thin) 

Singlesheet  linen  paper  (heavy) 

Rubbed  down  with  pale  lin- 
seed oil — paste  form 

Rubbed  down  with  pale  lin- 
seed  oil — paste   form 

Rubbed  down  with  pale  lin- 
seed  oil — paste   form 


All  of  these  substances  depart  markedly  from  white.  Even  mag- 
nesium carbonate,  which  has  been  used  frequently  as  a 
non-selective  reflector  in  colorimetric  investigations,  is  defi- 
nitely yellowish. 

In  common  with  others,  the  writer  found  that  much  training 
and  experience  is  necessary  before  reliable  measurements,  of  the 
kind  presented,  may  be  obtained.  Following  the  well-known 
practice,  the  procedure  was  simplified  by  eliminating  measure- 
ments of  saturation  and  dominant  hue  and  instead,  determining 
the  brightness  for  blue,  green  and  red  light.  Color-screens  of 
dominant  hue:  440/x/i  (blue).  550/*/^  (green)  and  625^^  (red) 
were,  in  succession,  placed  before  the  eye-piece  and  the  bright- 
ness for  these  three  colors  was  determined.  While  this  method 
lacks  the  scientific  rigor  of  the  former,  it  possesses  marked  ad- 
vantages. Fir.st  of  all,  no  standard  "white"  light  is  required; 
(2)  no  color  matching  is  necessary;  (3)  it  serves  admirably  in 
establishing  limits  of  tolerance,  i.e.,  selectively,  for  substances 
which  arc  already  nearly-white. 

By  means  of  this  arrangement  a  detailed  study  of  MgO,  ob- 
tained by  allowing  the  white  smoke  from  burning  magnesium 
ribbon   to  deposit   on   the  colorimeter   plates,    was  undertaken. 
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Altogetlier.  five  successive  layers  of  MgO  were  deposited — meas- 
urements being  taken  after  each  deposit.  The  final  thickness  of 
layer  was  about  0.6  mm.  The  changes  in  selectivity  of  reflection 
are  shown  in  the  following  curves:  (See  Fig.  3.) 

While  the  color  is  decidedly  bluish  for  one  layer,  it  changes 
to  yellow  when  five  layers  are  employed.  Curiously  enough,  the 
surface  is  truly  "  white  "  at  three  layers. 

In  conclusion  it  is  to  be  stated  that  the  advantages  derived 
from  multiple  reflections  need  not  be  sacrificed  when  markedly 
colored  surfaces  are  to  be  studied.    The  only  difficulty  here  is  to 
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get  enough  light  for  accurate  measurements.     A  separate  instru- 
ment is  being  developed  to  take  care  of  this  contingency. 
Following  is  a  summary  of  the  preceding  discussion : 

1.  Taking  advantage  of  the  circumstance  that  multiple  reflec- 

tions from  similar  surfaces  accentuate  selective  reflection, 
a  new  colorimeter,  adapted  to  the  study  of  nearly-white  sur- 
faces, has  been  developed. 

2.  Measurements  are  presented  to  show  that  our  usual  standards 

of  "white"   (MgCOg  and  MgO)   depart  noticeably  from 
this  ideal. 

Johns  Hopkins  University. 
Research  Laboratory  of  the 
New  Jersey  Zinc  Company. 
November  4,  1919. 
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Statistics  on  Sugar  Consumption  in  the  United  States  are 
given  in  the  Weekly  Nezvs  Letter  of  the  U.  S.  Department  of  Agri- 
culture (vol.  vii,  No.  25,  p.  3,  January  21,  1920).  The  total  con- 
sumption in  1919  amounted  to  over  9,000,000,000  pounds  or  4,500,- 
000  tons,  while  the  normal  domestic  production  is  1,000,000  tons. 
The  average  per  capita  consumption  was  18  pounds  in  the  year 
following  the  Civil  War,  and  ranged  from  24  to  50  pounds  each 
year  thereafter  until  1890.  The  average  yearly  per  capita  consump- 
tion in  each  decade  was : 

1866-1875  :  35  pounds. 

1876-1885  :  42  pounds. 

1886-1895  :  57  pounds. 

1896-1905 :  67  pounds. 

1906-1914:  81  pounds. 

Since  1914  each  person  has  used,  on  the  average,  85  pounds 
annually,  and  approximately  92  pounds  during  1919.  T   S    H 

Safety  Devices  in  Tin-can  Plant.  {Canadian  Machinery, 
through  Technical  Review,  vol.  v,  1919,  252.) — The  power  press 
used  to  be  the  most  dangerous  of  ordinary  machinery,  except  the 
circular  saw.  By  introduction  of  various  forms  of  guarding  attach- 
ments, accidents  have  been  greatly  diminished.  Dangerous  overhead 
belts  are  guarded  from  below,  spokes  of  fly-wheels  are  covered  with 
metal  disks.  In  making  cans  the  lids  are  no  longer  fed  into  the 
machine  by  an  operator,  but  from  a  tray  on  to  a  travelling  feed- 
band,  so  that  the  operator  is  out  of  direct  touch  with  the  machine. 
In  another  series  of  machines  the  feeding  table  is  fitted  with  a  recip- 
rocating movement,  going  forward  under  the  punch  for  the  stroke 
and  coming  back  to  the  original  position  for  the  removal  of  punch- 
ings  and  the  feeding  of  a  new  piece.  A  transparent  guard  in  front 
of  the  punch  enables  the  workman  to  watch  the  operation. 

Another  machine  with  which  many  accidents  formerly  occurred 
is  the  rotary  cutter  for  slitting  the  sheet  tin  into  strips.  An  iron 
guard  is  now  placed  in  front  of  the  knives  for  the  full  width  of  the 
machine,  sloping  down  under  the  knives,  leaving  only  a  narrow 
opening  for  the  introduction  of  the  sheet. 

These  and  numerous  other  safety  devices  which  have  been  in- 
troduced have  not  only  greatly  diminished  the  number  of  injuries, 
but  have  increased  output. 

In  this  connection  mention  may  be  made  of  a  special  safety 
device  used  in  one  of  the  i>lants  for  making  talking-machine  records. 
In  this  work,  a  soft  mass  in  the  form  of  a  flat  plate  about  ten  inches 
in  diameter  is  pressed  between  two  dies.  The  great  danger  is  that 
the  attendant  may  thoughtlessly  place  the  hand  between  the  dies. 
To  prevent  this  a  guard  automatically  moves  in  front  of  the  ma- 
chine, as  soon  as  the  dies  begin  to  descend,  and  this  will  push  the 
attendant's  hand  to  one  side  in  ample  time  to  avoid  crushing. 

H.  L. 
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A    PECULIAR  TYPE    OF   INTERCRYSTALLINE   BRITTLENESS 

OF  COPPER.^ 

By  Henry  S.  Rawdon  and  S.  C.  Langdon, 

[abstract.] 

When  copper  is  heated  in  a  molten  bath  of  sodium  chloride 
for  the  purpose  of  cleaning  and  softening,  it  has  been  noticed  that 
the  copper  was  embrittled.  Under  these  conditions  the  copper 
is  more  or  less  in  contact  with  iron  or  steel,  either  from  a  stirring 
rod,  forceps  for  handling  the  piece  or  the  pot  used  to  contain 
the  salt,  and  a  "  galvanic  couple  "  with  the  copper  as  cathode 
would  be  formed. 

Experiments  were  made  with  small  rods  of  copper  and  mild 
steel  which  were  made  either  anode  or  cathode  in  a  bath  of  molten 
salt  and  with  an  e.m.f.  of  approximately  6  volts.  The  brittleness 
of  the  copper  rods  was  compared  with  untreated  material  by  bend- 
ing the  specimens  back  and  forth  with  one  end  firmly  clamped. 

The  copper  rod  which  was  an  anode  was  as  tough  and  soft 
as  the  original  and  required  practically  the  same  number  of  bends 
to  cause  it  to  fracture.  The  cathode  copper  was  found  to  be 
very  brittle. 

Microscopic  examination  showed  the  anode  copper  to  be  per- 
ceptibly smoother  on  the  surface  than  the  original  material;  the 
structure  was  that  of  annealed  copper.  In  the  cathode  copper 
rod  the  crystalline  boundaries  on  the  surface  are  well  defined,  and 
the  intercrystalline  boundaries  for  an  appreciable  depth  within 
the  metal  are  made  wider. 

The  probable  explanation  of  embrittlement  of  the  copper  when 
it  is  made  the  cathode  is  that  an  appreciable  amount  of  metallic 
sodium  is  formed  by  the  electrolysis  which  immediately  alloys 
with  the  copper,  the  attack  being  selective  towards  the  grain 
boundaries  rather  than  forming  an  alloy  layer  of  uniform  thick- 
ness upon  the  outside. 

*  Communicated  by  the  Director. 
'Technologic  Paper  No.  158. 
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PHYSICAL  TESTS  OF  MOTOR-TRUCK  WHEELS.' 
By  C.  P.  Hoffman. 

[abstract.] 

Technologic  Paper  150  relates  to  certain  tests  made  for  the 
military  departments  of  the  Government  at  the  Bureau  of  Stand- 
ards.    A  brief  summary  of  this  work  is  given  below. 

In  designing  Class  B  military  truck  it  was  found  desirable 
to  develop  a  metal  wheel  having  the  good  qualities  of  all  the  wheels 
on  the  market.  No  comparative  values  were  available,  however, 
and  there  was  no  time  for  service  tests.  The  Bureau  of  Standards 
was  therefore  called  upon  to  make  laboratory  tests. 

The  wheels  tested  were  made  of  cast  steel,  pressed  steel, 
wrought  iron  and  wood  by  various  manufacturers.  Each  wheel 
was  supported  upon  a  shaft  which  fitted  the  bore  of  the  hub  and  a 
radial  compressive  load  was  applied  to  the  rim  midway  between 
two  spokes  by  a  bearing  block  which  fitted  the  rim. 

A  "  side  thrust  "  test  was  also  made  by  supporting  on  a  simi- 
lar shaft  and  applying  a  concentrated  load  on  the  rim  in  a  direc- 
tion parallel  to  the  shaft. 

Using  the  information  obtained  from  these  tests,  a  hollow 
spoke  and  rim  cast  wheel  was  designed  for  the  Quartermaster's 
Department  which  was  called  the  "  Composite  Wheel." 

When  tested,  these  proved  satisfactory  and  were  adopted 
for  use  on  the  Class  B  military  truck. 

The  results  of  tests  upon  twenty-one  wheels  are  given.  The 
deformations  of  the  wheels  in  the  radial  compression  test  were 
recorded  for  four  points  on  the  rim  spaced  90  degrees  apart. 
Load  deformation  graphs  plotted  from  these  data  are  given  from 
which  the  i)roportional  limit  and  elastic  resiliences  of  the  wheels 
at  loads  up  to  that  limit  are  computed. 

Similar  data  were  obtained  from  the  "  side  thrust  "  tests  and 
graphs  plotted.  The  proportional  limit  and  elastic  resiliences 
were  obtained  in  the  same  way. 

it  is  obvious  that  the  strongest  wheel  is  not  necessarily  the 
best  for  actual  service.  The  elastic  resilience  of  the  wheel  under 
low  loads  is  also  important  as  it  measures  the  capacity  of  the 

'Technologic  Paper  No.  150. 
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wheel  to  absorb  shocks.  This  elastic  resilience  for  unit  weight 
of  material  served  as  the  chief  basis  of  comparison  between  dif- 
ferent types  of  wheels. 

A  photograph  and  description  is  given  for  each  wheel  with  the 
weight  and  a  chemical  analysis  of  the  material  for  the  metal  wheels. 

In  designing  a  truck  wheel,  careful  consideration  should  be 
given  to  several  conflicting  elements  in  order  to  obtain  the  best 
results.  This  paper  gives  experimental  data  which  should  serve 
as  a  guide  in  such  work. 

One  of  the  cast  steel  wheels  was  tested  in  radial  compression 
and  the  strain-gauge  used  to  determine  the  actual  deformation  of 
the  material  in  the  wheel.  Observations  were  made  on  the  rim, 
on  the  s]X)kes  and  on  the  hub. 

The  average  modulus  of  elasticity  was  determined  for  speci- 
mens cut  from  the  wheel  and  this  value  used  in  computing  the 
stress  at  places  where  the  deformation  was  observed. 

From  these  data,  graphs  were  plotted  showing  the  stress  in 
the  wheel  at  forty-eight  gauge  lengths  for  loads  on  the  wheel  up 
to  60,000  pounds.  Due  to  the  short  gauge  length  (2  inches)  re- 
sults of  great  precision  were  not  to  be  expected  but  in  this  case 
the  results  were  very  satisfactory. 

Stresses  in  wheel  under  load. — 

Compressive  stresses  were  found  in  all  parts  of  the  rim  except 
the  section  between  the  spokes  adjacent  to  the  loading  block.  That 
section  was  subjected  to  tensile  stresses  by  the  behavior  of  the 
spokes.  The  only  excessive  stress  in  the  hub  was  at  the  junction 
of  the  two  spokes  adjacent  to  the  loading  block  where  the  tensile 
stress  reached  the  proportional  limit  of  the  material  when  the 
applied  load  was  50,000  pounds. 

The  .stresses  in  the  spokes  were  all  within  the  proportional 
limit  of  the  material  except  for  two  gauge  lines  on  one  spoke 
adjacent  to  the  hub.  Possibly  these  were  located  at  a  thin  section 
of  the  casting. 

These  strain-gauge  results,  the  first  of  their  kind  so  far  as  is 
known,  should  lead  to  the  determination  of  the  stress  in  wheels 
tested  for  investigational  purposes.  Only  in  this  way  can  the 
most  satisfactory  distribution  of  the  material  be  obtained.  Such 
data  allow  the  re-design  of  a  wheel  so  as  to  avoid  excessive  stresses 
which  cause  failure  in  service  tests. 
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INVESTIGATION     OF     THE     COMPRESSIVE     STRENGTH     OF 
SPRUCE  STRUTS  OF  RECTANGULAR  CROSS-SECTION 
AND  THE  DERIVATION  OF  FORMULAS  SUIT- 
ABLE FOR  USE  IN  AIRPLANE  DESIGN.' 

By  James  E.  Boyd. 

[abstract.] 

Technologic  Paper  152  describes  certain  tests  of  spruce,  par- 
ticularly with  reference  to  suitability  for  use  in  airplane  con- 
struction. The  work  relates  chiefly  to  the  derivation  of  formulas 
to  guide  the  designer  and  engineer. 

Compression  tests  were  made  on  58  square-end  and  24  round- 
end  spruce  struts  of  uniform  cross-section  approximately  1.75 
inches  square.  The  length  of  the  struts  varied  from  12.625  inches 
(slenderness  ratio  25)  to  126.25  inches  (slenderness  ratio  250). 
Complete  measurements  showing  compression,  lateral  deflection 
and  load  up  to  the  ultimate,  were  made  on  all  the  struts,  the  longer 
struts  being  tested  to  destruction.  In  addition,  cross  bend  tests 
were  made  on  representative  specimens  to  determine  the  modulus 
of  elasticity,  resilience,  and  modulus  of  rupture.  Complete  data 
are  given  for  three  representative  struts  and  summaries  of  the 
results  on  all. 

These  experimental  results  are  compared  with  Rankine's  for- 
mula, Euler's  formula  and  the  rational  formula  for  eccentric  load- 
ing.   The  constants  were  calculated  from  the  experimental  data. 

Round-End  Struts. — 

For  round-end  struts  the  rational  formula  gives  the  best 
results  over  the  whole  range,  but  is  inconvenient  to  use. 
Rankine's  Formula : — 

P  _        5200 

A~      ,       L^  (0 

I  + :. 

300or- 

for  short  struts  (slenderness  ratio  <8o)  and  Euler's  Formula: — 

P     16,000,000 

(a) 


(^y 


for  slender  struts   (slenderness  ratio  >8o)  gave  results  within 
the  experimental  error. 

"Technologic  Paper  No.  152. 


March,  1920.]      U.    S.    BuREAU    OF    STANDARDS    NOTES.  385 

Square-End  Struts. — 

For  square-end  struts  accurately  fitted  to  rigid  supports  Ran- 
kine's  Formula : — 

P 5200 

A  ~  L^  (3) 

'    i2,ooor- 

gave  results  within  the  experimental  error. 

This  condition  is  almost  never  realized  in  practice  so  that 
vaJues  between  those  given  by  (3)  and  (i)  should  be  used  in 
square-end  construction,  depending  on  the  manner  of  fixing  the 
ends.  In  particular,  ordinary  airplane  pin  connections  should 
be  considered  as  round  ends,  both  in  the  plane  of  the  pins  and 
at  right  angles  to  it. 

In  the  formula  given  above — 

F  =  ultimate  load  in  pounds. 

^4  =  cross-section  area  in  square  inches. 

L  =  length  in  inches. 

r=  radius  of  gyration  in  inches. 

L 

—  =  slenderness  ratio. 
r 

For  testing  woods  for  use  in  struts,  compression  tests  on  slen- 
der round-end  struts  (  -   =  200 j  with  the  use  of  Euler's  formula 

gives  an  easy  method  of  determining  the  modulus  of  elasticity, 
which  agrees  well  wnth  values  obtained  from  cross-bend  tests. 

The  results  of  this  experimental  work  on  spruce  struts  of 
uniform  cross-section  having  shown  the  applicability  to  these 
struts  of  the  rational  formula  for  eccentric  loading  and  its  limit- 
ing case  for  central  loading  (Euler's  formula),  the  analogous 
formulas  for  a  certain  type  of  tapered  strut  were  developed. 

In  these  struts  the  moment  of  inertia  varies  according  to  the 
law  l^Cx^;  where  "x''  was  the  distance  measured  from  some 
point  beyond  the  end  of  the  strut.  Struts  of  this  form  approxi- 
mate closely  the  tapered  struts  used  in  airplane  construction. 

The  formulas  for  eccentric  loading  are  complicated,  but  the 
results  for  central  loading  corresponding  to  Euler's  formula  are 
simple,  and,  by  the  aid  of  a  graph,  are  easily  applied. 

A  graph  for  this  purpose  is  given  and  a  number  of  approxi- 
mate methods  are  discussed. 
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LOAD  STRAIN  GAUGE  TEST  OF  150-TON  FLOATING  CRANE 

FOR  THE  BUREAU  OF  YARDS  AND  DOCKS,  U.  S. 

NAVY  DEPARTMENT/ 

By  Louis  J.  Larsen  and  Richard  L.  Templin. 

[abstract.] 

Technologic  Paper  151  reports  the  tests  of  a  floating  crane 
which  at  present  is  of  interest  from  an  engineering  point  of  view. 

The  fact  that  a  floating  crane  failed  under  load  on  the  Panama 
Canal  made  it  desirable  to  test  a  150-ton  revolving  floating  crane 
built  for  use  at  the  Navy  Yard,  Norfolk,  Va.  This  structure  is 
statically  indeterminate  and  strain-gauge  measurements  were  taken 
under  load  to  determine  the  stress  in  the  more  important  members. 

This  crane  represents  the  most  advanced  type  of  revolving 
floating  crane  of  large  capacity.  The  jib  is  a  tapering  Pratt  truss, 
hinged  to  the  superstructure  in  the  lower  chord  and  connected 
to  the  lufling  screws  at  the  upper  chord  by  suitable  links.  The 
length  of  the  links  and  the  location  of  the  lufifing  screws  are  such 
that  a  nearly  direct  pull  is  exerted  on  the  upper  chord  of  the  jib 
for  all  positions.  The  superstructure,  exclusive  of  the  jib,  consists 
of  two  sub-divided  triangular  trusses  rigidly  connected  by  cross- 
bracing.  The  entire  revolving  load  is  transmitted  by  the  triangular 
trusses  to  the  pontoon  through  a  pintle,  the  pintle  being  an  inverted 
pyramidal-shaped  member  built  up  on  four  posts  which  transmits 
its  load  at  the  apex  to  a  thrust  bearing  on  the  deck  of  the  pontoon. 
The  pintle  is  supported  laterally  on  a  tower  consisting  of  six  legs 
arranged  in  the  form  of  a  hexagon,  the  legs  of  the  tower  being 
carried  through  the  deck  to  the  framing  of  the  pontoon.  The 
tower  is  framed  into  the  hull  in  such  a  manner  as  to  make  the 
pontoon  act  as  a  large  girder  in  resisting  the  forces  induced  by  a 
crane  load.  The  pintle  rotating  within  the  tower  makes  it  possible 
to  revolve  the  superstructure  with  the  live  load  to  any  position. 

Readings  were  taken  at  various  points  of  the  deck  to  deter- 
mine the  magnitude,  and,  if  possible,  the  position  of  the  maxi- 
nuim  stress  in  the  up])er  deck  plate;  on  the  tower  meml)crs  to 
determine  whether  the  tower  acted  as  a  unit;  around  the  manhole 
in  the  tower  legs  to  find  the  effect  of  such  an  opening;  on  the 
pintle  to  determine  the  magnitude  of  the  stress  in  these  members, 
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and  on  various  members  of  the  superstructure  to  determine  the 
manner  in  which  the  loads  were  carried  down  to  the  pintle. 

Gauge  lines  were  placed  on  tw'o  opposite  sides  of  every  mem- 
ber tested,  and  where  possible,  on  all  four  sides.  Gauge  lines 
were  laid  out  on  the  deck  of  the  pontoon  for  the  purpose  of  deter- 
mining the  amount  of  stress  develoi>ed  in  the  plates  of  the  pon- 
toon deck  and  to  check  the  computed  locations  of  the  maximum 
bending  moments. 

Strain-gauge  readings  were  taken  with  a  lo-inch  Berry  Strain- 
Guage,  it  being  possible  to  read  the  change  of  length  between  the 
points  of  the  instruments  directly  to  the  nearest  0.0002  inch,  and 
by  estimation  to  0.00002  inch. 

The  material  used  for  loading  the  crane  consisted  chiefly  of 
armor  plate  and  scrap  iron  of  known  weight.  The  loading  was 
so  arranged  that  each  member  on  which  measurements  were  taken, 
was  subjected  to  the  maximum  possible  range  of  stress. 

The  strain-gauge  work  done  on  this  structure  showed  that  all 
stresses  on  the  various  members  were  within  safe  limits. 

The  stresses  in  the  deck  were  found  to  be  low. 

The  maximum  stresses  in  the  outer  edge  of  the  tower  legs  are 
17,000  pounds  per  square  inch  compression  and  13,500  pounds  per 
square  inch  tension. 

The  maximum  stress  in  the  pintle  post  is  18,000  pounds  per 
square  inch  compression. 

The  stresses  in  the  superstructure  and  in  the  luffing  screws 
due  to  the  load  are  not  excessive. 


CEMENTS  FOR  SPARK  PLUGS." 

By  Homer  F.  Staley. 

[abstract.] 

The  use  of  cements  for  sealing  electrodes  into  spark-plug 
porcelains  has  been  found  to  be  attended  by  serious  difficulties  in 
high  temperature  engines  such  as  airplanes.  Among  these  are : 
promotion  of  oxidation  and  destruction  of  the  electrode  wires  by 
reactions  taking  place  in  the  cement  and  between  the  cement  and 
electrode  wires;  breaking  of  spark-plug  porcelains  caused  by 
difference  in  coefficients  of  thermal  expansion  of  electrode  wires 
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and  porcelain;  and  cracking  of  cement,  with  consequent  gas  leak- 
age, due  to  the  same  cause.  A  cement  composed  of  silicate  of 
soda  and  raw  kaolin  has  been  found  to  give  little  trouble  from 
chemical  action.  In  order  to  avoid  the  difficulties  attending  the 
use  of  any  form  of  cement,  the  use  of  a  mechanical  seal  at  the  top 
of  the  porcelain  has  been  tried  with  promising  results. 


AREA  MEASUREMENT  OF  LEATHER." 

By  Frederick  J.  Schlink. 

[abstract.] 

This  paper  deals  with  the  investigation  of  area  measuring 
machines  used  for  integrating  the  area  of  leather  hides  and  skins. 
The  importance  of  the  problem  of  area  measurement  in  view  of 
the  enormous  amount  and  value  of  leather  handled  annually  on 
this  basis  ($450,000,000  in  U.  S.  A.)  is  indicated.  The  principles 
of  design  involved  in  typical  machines  are  set  forth  in  detail  and 
an  analysis  is  made  of  the  sources  of  the  serious  errors  which  com- 
monly exist  and  of  the  means  available  for  detecting  and  correct- 
ing them,  including  a  complete  regime  for  the  determination  of 
the  performance  of  the  machine  tested  with  regard  to  both  the 
accuarcy  and  consistency  of  its  determinations.  Numerical  data 
illustrative  of  the  various  errors  and  performance  characteristics 
of  typical  measuring  machines  are  tabulated  in  detail. 


HYDROGEN  ION  CONCENTRATION  IN  DRY  CELLS.' 
By  H.  D.  Holler. 

[abstract.] 

The  potentials  of  electrodes  consisting  of  mixtures  of  Acheson 
graphite  with  three  different  manganese  ores  and  a  chemically 
prepared  oxide  were  measured  in  ammonium  chloride  solutions 
of  different  hydrogen  ion  concentrations,  llic  potential  of  the 
electrodes  containing  the  ores  was  found  to  be  a  logarithmic  func- 
tion of  the  hydrogen  ion  concentration,  while  the  potential  of 
electrodes  containing  the  chemically  jjreparcd  oxide  was  found 
to  be  indei)endent  of  hydrogen  ion  concentration.     The  potential 
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of  the  ores  was  found  to  decrease  in  acid  solution  and  to  increase 
in  alkaline  solutions.  The  relation  found  between  the  potential  of 
the  manganese  dioxide  electrode  and  h3alrogen  ion  concentration, 
explains  variations  in  open-circuit  voltage  of  dry  cells  containing 
a  given  ore  and  also  accounts  for  a  portion,  at  least,  of  the  polar- 
ization of  dr}-  cells  on  discharge. 


THE  METALLOGRAPHIC  FEATURES  REVEALED  BY  THE 
DEEP  ETCHING  OF  STEEL.' 

By  Henry  S.  Rawdon  and  Samuel  Epstein. 

[abstract.] 

The  deep-etching  of  steel  by  means  of  concentrated  acid,  e.g., 
hot  concentrated  hydrochloric  acid,  is  a  very  important  means  of 
revealing  the  structural  condition  of  such  material.  The  fea- 
tures revealed  may  be  of  three  types :  Chemical — heterogeniety 
due  to  segregation,  to  composition  changes  accompanying  weld- 
ing, carburization  and  similar  process,  to  lack  of  solution  and 
uniform  distribution  of  special  addition  elements  in  alloy,  steel, 
etc. ;  Mechanical — initial  stresses  due  to  preliminary  mechanical 
and  thermal  treatment;  Physical — internal  fractures  and  similar 
discontinuities  within  the  metal. 

Steel  which  is  heterogeneous  in  its  chemical  composition  shows 
a  characteristic  roughened  surface  when  etched,  corresponding  to 
the  variations  in  composition.  This  roughening  is  due  to  the 
greater  solubility  of  certain  portions  particularly  the  non-metallic 
inclusions,  sulphide,  oxide,  etc.,  and  to  the  deepening  and  widen- 
ing of  the  pits  resulting  upon  the  removal  of  these  inclosures. 

As  specimens  typical  of  highly  stressed  material,  hardened 
steel  balls  were  used.  The  stresses,  due  to  the  mechanical  and  ther- 
mal treatment  the  balls  had  received,  were  often  of  sufficient  mag- 
nitude as  to  cause  the  balls  to  crack  spontaneously  when  subjected 
to  the  action  of  concentrated  acid.  The  behavior  of  steel  in  this 
respect  is  identical  with  the  corrosion-cracking  of  brasses  and 
bronze  under  certain  conditions. 

Physical  discontinuities,  which  may  exist  within  the  steel,  usu- 
ally occur  as  tiny  cavities  or  pores,  giving  rise  to  "  spongy  "  metal 
which  is  quite  readily  detected.    Certain  discontinuities  are  of  the 
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nature  of  internal  fractures,  the  metal  still  being  in  such  intimate 
contact,  however,  that  they  are  detected  only  with  extreme  diffi- 
culty. This  type  occurs  rather  abundantly  in  defective  rails  of 
the  "  transverse  fissure  "  type.  Similar  defects  have  been  found 
in  forgings  such  as  steel  axles  and  tires.  Deep  etching  reveals 
these  internal  fissures  as  short  cracks  which  appear  to  bear  a  defi- 
nite relation  in  their  arrangement  to  the  direction  of  the  stresses 
to  which  the  piece  had  previously  been  subjected. 

The  presence  of  these  defects  in  steel  previously  to  etching  has 
never  been  demonstrated  by  previous  investigators  due  to  the 
lack  of  a  suitable  method.  Hence  various  conflicting  opinions  have 
been  held  as  to  their  nature  and  the  seriousness  of  the  defect.  In 
order  to  show  the  presence  of  such  internal  cracks  a  special  mag- 
netic method  was  used.  The  specimen  was  polished  as  for  micro- 
scopic examination  and  after  magnetizing  was  bathed  in  a  sus- 
pension of  fine  iron  dust  in  kerosene.  Discontinuities  in  the  metal 
were  clearly  shown  by  the  arrangement  of  the  particles  of  iron 
dust  along  their  course.  Subsequent  etching  tests  showed  that 
each  "  crack  "  revealed  by  the  etching  is  due  to  the  widen- 
ing and  deepening  of  a  preexisting  internal  fracture  in  the  steel. 
These  defects  are  essentially  fractures  circular  in  area  which  occur 
across  what  is  otherwise  sound  metal.  By  suitable  means  the 
metal  may  be  opened  up  along  the  line  of  the  defect  showing  that 
there  is  a  definite  discontinuity  within  the  metal  and  no  coherence 
at  all.  These!  areas  are  identical  in  appearance  with  the  starting 
point  of  very  serious  defects  known  as  "  transverse  fissures  " 
in  rails. 


ESTIMATION    OF   NITRATES   AND    NITRITES    IN 
BATTERY   ACID." 

By  L.  B.  Sefton. 

[abstract.] 

From  among  the  various  methods  suggested  for  the  estimation 
of  nitrates  and  nitrites  in  small  amounts  and  admitting  oi  a  sul- 
furic-acid  medium,  three  methods  for  the  determination  of  nitrates 
— the  Diphenylamine,  the  "  Ilydrostrychnique,"  and  the  Brucino — 
and  three  for  the  determination  of  nitrites — the  Iodide,  the  Indol, 
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aiul  the  Dimethylaniline — were  selected  and  studied  with  refer- 
ence to  their  use  in  testing  battery  acid. 

The  Diphcnylainine  test  for  nitrates  and  the  Iodide  test  for 
nitrites  were  found  to  be  wholly  unreliable.  It  was  found  impos- 
sible to  estimate  nitrates  in  the  presence  of  nitrites :  the  "  Ilydro- 
strvchnique  "  and  the  Brucine  test  reacted  with  nitrites  in  the  same 
way  as  with  nitrates  so  that  the  results  of  these  methods  must  be 
expressed  in  terms  of  nitrates  and  nitrites.  In  the  absence  of  iron, 
the  "  Hvdrostrychnique  "  or  a  modification  of  the  Brucine  test 
is  recommended.  In  the  presence  of  iron,  only  the  original  Brucine 
test  may  be  used. 

It  was  found  that  nitrites  could  be  estimated  in  the  presence 
of  nitrates  and  best  by  the  Dimethylaniline  method. 


A  NEW  INTERFERENTIAL  DILATOMETER.'" 
By  Irwin  G.  Priest. 

[abstract.] 

This  paper  describes  new  instruments  and  methods  for  meas- 
uring very  small  changes  in  the  lengths  of  samples  which  are  too 
small  to  be  examined  by  the  Fizeau  interferential  method.  Only 
a  single  small  pin  is  required  as  a  sample. 

The  method  of  measurement  depends  upon  the  change  in  width 
of  interference  fringes  instead  of  their  displacement  as  in  the 
Fizeau  method.    The  outline  of  the  method  on  this  basis  is  briefly  : 

1.  One  of  a  pair  of  nearly,  but  not  quite,  parallel  interfero- 
meter mirrors  is  supported  at  one  point  by  the  sample  and  at  two 
other  ]X)ints  by  a  standard  substance  of  known  expansivity,  the 
perpendicular  distance  from  the  bearing  point  of  the  sample  to  the 
line  connecting  the  bearing  points  of  the  standards  being  known. 

2.  The  standard  and  the  sample  are  so  adjusted  that  the 
fringes  are  parallel  to  the  line  connecting  the  bearing  points  of 
the  standard. 

3.  Any  difference  in  expansivity  of  the  sample  and  the  stand- 
ard causes  the  interference  fringes  to  change  their  widths  with 
change  in  temperature.  The  number  of  fringes  between  two 
fixed  reference  lines  on  one  of  the  mirrors  is  determined  at  each 
of  the  two  temperatures  in  question. 
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4.  From  the  above  data  the  difference  in  the  expansion  of 
the  standard  and  the  sample  can  be  computed. 

The  new  method  gives  results  of  the  same  accuracy  as  the 
Fizeau  method,  while  it  has  the  following  advantages  over 
the  latter : 

1.  Only  one  small  pin  is  needed  for  a  sample. 

2.  Contact  errors  are  decreased  and  the  error  due  to  "  creep- 
ing "  of  the  cover  plates  is  eliminated. 

3.  Computations  are  simplified  by  having  the  standard  and 
the  sample  nearly  equal  in  length. 

4.  The  trouble  of  counting  fringes  while  the  temperature  is 
changing  is  eliminated  entirely  without  the  necessity  of  making 
observations  on  fringes  of  more  than  one  wave-length. 

5.  The  correction  for  change  of  refractive  index  with  the 
temperature  and  pressure  of  the  air  in  the  container  is  eliminated 
without  evacuating  the  container. 

6.  The  method  is  especially  advantageous  in  determining  small 
differential  expansions,  for  the  difference  in  expansion  of  small 
samples  may  be  determined  directly  by  carrying  them  together 
through  the  same  temperature  cycle. 


PREPARATION    AND    REFLECTIVE    PROPERTIES    OF    SOME 
ALLOYS  OF  ALUMINUM  WITH  MAGNESIUM  AND  ZINC." 

By  R.  G.  Waltenberg  and  W.  W.  Coblentz. 

[abstract.] 

This  paper  gives  the  manner  of  preparation  and  determination 
of  the  spectral  reflective  properties  of  alloys  of  aluminum  with 
magnesium  and  with  zinc. 

The  reflectivity  measurements  were  made  with  a  spcctrora- 
diometer  consisting  of  a  mirror  spectrometer,  a  fluoritc  prism  and 
a  vacuum  bismuth-silver  thermopile.  It  was  found  that  all  of 
these  alloys  tarnish  in  time  and  hence  are  not  suitable  for  mirrors 
where  permanency  is  of  prime  importance.  The  compound  of 
aluminum  and  magnesium,  Al;,Mg4,  deteriorates  less  rapidly  than 
any  of  the  other  alloys  examined  and  could  be  used  in  apparatus 
where  a  highly  reflecting  mirror  is  desired  for  a  short  time.    A  re- 
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flectivity  of  92  per  cent,  at  0.7^1  was  obtained  with  this  compound. 
The  zinc-ahmiinutn  alloy  has  a  minimum  of  reflectivity  at 
O.9.U.    An  examination  of  pure  zinc  disclosed  a  similar  reflectivity 
minimimi  at  i.om- 

THE  DETERMINATION  OF  CELLULOSE  IN  RUBBER  GOODS.'' 

By  S.  W.  Epstein  and  R.  L.  Moore. 

[abstract.] 

After  a  discussion  of  the  value  of  a  procedure  for  determining 
cellulose  in  rubber  goods  and  consideration  of  the  lietrature  on 
the  subject,  the  proposed  method  is  discussed. 

Method.  Sample  is  digested  with  cresol  at  160-185°  C.  for 
four  hours  to  dissolve  the  rubber.  Filtration  is  facilitated  by  addi- 
tion of  200  c.c.  of  petroleum  ether.  After  washing  with  benzol, 
10  per  cent,  solution  of  hydrochloric  acid,  water,  and  acetone,  the 
material  is  dried  and  weighed.  It  is  then  acetylated  by  heating 
for  thirty  minutes  at  75°  C.  in  a  mixture  of  15  c.c.  of  acetic  an- 
hydride and  0.5  c.c.  of  concentrated  sulphuric  acid.  This  is  filtered 
on  a  weighed  Gooch,  washed  with  90  per  cent,  acetic  acid  and 
then  with  acetone  and  dried  and  weighed.  Loss  in  weight  is 
recorded  as  cellulose. 

Under  Results  of  Analysis  are  given  a  number  of  test  com- 
pounds, containing  varying  amounts  of  cellulose  in  the  presence 
of  various  combinations  of  compounding  ingredients.  The  results 
by  method  given  indicate  its  gratifying  accuracy.  A  number  of 
alkali  reclaims  are  given  along  with  cellulose  content  as  obtained 
by  method  proposed. 

It  is  shown  how  the  percentage  of  cotton  can  be  obtained  in 
the  presence  of  leather. 

Leather,  wood,  jute,  and  cork  are  considered.  These  are 
broken  down  by  cresol  at  185°  C.  For  this  reason  it  is  sug- 
gested that  rubber  be  digested  in  cresol  for  sixteen  hours  at 
120°  C.  when  the  presence  of  these  is  suspected.  At  this  tempera- 
ture the  basic  substance  of  these  materials  is  retained  intact. 

Acetylation  gives : 

95  per  cent,  of  the  wood. 
90  per  cent,  of  the  jute. 
70  per  cent,  of  the  leather.  " 
21  per  cent,  of  the  cork. 

"Technologic  Paper  No.  154. 
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An  approximation  of  the  amount  of  the  cork  present  is  ob- 
tained by  treating  the  residue  after  acetylation  with  2  per  cent, 
sohition  of  sodium  hydroxide  and  strong  bromine  water,  in  order 
to  give  the  unacetylated  cork.  The  loss  in  weight  represents  70 
per  cent,  of  the  total  amount  of  cork  present. 

It  was  found  impossible  to  determine  each  of  these  ingredients 
separately,  and  therefore  it  was  decided  to  determine  them  col- 
lectively by  the  acetylation  method,  and  to  test  for  the  presence  of 
each  by  means  of  proper  stains  and  microscopic  examination. 


Rubber  Plant  Survey  of  Western  North  America. — Harvey 
M.  Hall  and  Thomas  H.  Goodspeed  (University  of  California 
Publications  in  Botany,  1919,  vii,  183-264)  give  an  account  of  chrysil, 
a  new  rubber,  of  high  grade,  which  vulcanizes  without  difficulty. 
Chrysothamnus,  or  rabbit  bush,  is  a  genus  of  shrubs  ;  its  most  im- 
portant species  is  Chrysothamnus  nauscosns,  of  which  22  varieties 
are  known;  plants  of  12  of  these  varieties  were  examined  and 
found  to  contain  chrysil.  The  plants  of  this  species  are  large 
shrubs ;  they  grow  readily  from  seed,  and  attain  maturity  in  six 
to  eight  years ;  the  average  weight  of  a  plant  varies  from  4  to  6 
pounds.  The  species  ranges  throughout  western  North  America, 
is  most  abundant  in  Colorado,  Nevada,  and  Utah,  and  often 
occurs  on  alkaline  flats.  The  plants  with  the  largest  chrysil  con- 
tent were  found  in  Nevada  and  California.  The  chrysil  occurs 
in  the  cells  of  the  plant  and  not  as  a  latex;  it  is  most  abundant  in 
the  tissues  at  the  soil  line.  The  cortex  contains  most  chrysil, 
followed  by  the  medullary  rays ;  young  twigs  and  leaves  contain 
but  a  slight  amount;  of  the  root,  only  the  upper  portions  (4 
inches)  contain  chrysil.  The  average  chrysil  content  varied  from 
2.83  to  1.97  per  cent,  or  less,  according  to  the  species.  One  indi- 
vidual plant  yielded  6.57  per  cent.  The  rubber  was  obtained  from 
the  finely  ground  plants.  Fats  and  similar  substances  were  re- 
moved by  extraction  with  acetone.  The  fat-free  residue  was 
dried,  and  then  extracted  with  benzine  to  obtain  the  chrysil. 
Hall  {Ibid,  1919,  vii,  159-181)  describes  the  varieties  of  Chryso- 
thamnus nauseosus  and  their  geographical  distribution.  According 
to  Hall  and  Goodspeed  (Ibid,  1919.  vii,  265-278).  rubber  also  occurs 
in  certain  other  species  of  Chrysothamnus.  and  in  certain  species  of 
the  genus  Haplopappxis.  In  some  species  rul)ber  was  present  to  the 
.same  extent  in  root  and  stem  (e.g.,  Haplopappus  nanus)  ;  in  other 
species  the  root  contained  practically  all  the  rubber  present  in  the 
plant  (e.g.,  Haplopappus  cricoidcs).  Sixty-four  other  species  of 
shrubs  were  tested,  and  found  not  to  contain  rubber. 

J.S.  H. 
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THE  COMPOSITION  OF  THE  OIL  FROM  THE  SEED  OF  THE 
HUBBARD   SQUASH.^ 

By  Walter  F.  Baughman  and  George  S.  Jamieson. 

[abstract.] 

Oil  expressed  from  squash  seed  by  an  expeller  was  refined 
by  the  well-known  alkali  process  and  bleached  with  fuller's  earth. 
The  refined  oil  had  a  yellow  color  and  a  bland  fatty  taste.  The 
unsaturated  fatty  acids  were  separated  from  the  saturated  acids 
by  the  lead  salt  ether  method  and  bromine  addition  products 
were  prepared.  Analyses  of  these  compounds  gave  the  amounts 
of  oleic  and  linolic  acids  in  the  original  oil.  Methyl  esters 
were  prepared  from  the  saturated  acids  and  were  subjected  to 
fractioiial  distillation  under  diminished  pressure.  From  the 
iodine  numl)ers  and  saponification  values  of  the  different  frac- 
tions and  the  residue  the  amounts  of  unsaturated  acid  were 
calculated,  the  mean  molecular  weights  of  the  saturated  acids 
were  found,  and  the  weight  of  each  saturated  acid  in  each 
fraction  was  calculated. 

The  Hubbard  squash  seed  oil  was  found  to  consist  of 
the  following : 

Palmitic  acid  12.73  per  cent. 

Stearic  acid  6.12  per  cent. 

Glycerides  of I  Arachidic  acid 0.04  per  cent. 

Oleic  acid  36.58  per  cent. 

Linolic  acid   43-34  per  cent. 

Unsaponifiable  matter    1.06  per  cent. 


THE  COMPOSITION  OF  OKRA  SEED  OIL.' 
By  George  S.  Jamieson  and  Walter  F.  Baughman. 

[abstract.] 

Oil  expressed  from  okra  seed  by  an  expeller  was  examined 
physically  and  chemically  by   the  methods  used    for  Hubbard 

*  Corrmunicated  by  the  Director. 

'  Published  in  /.  Am.  Chem.  Soc,  42,  152-7  (Jan.,  ic2o). 

'  Published  in  /.  Am.  Chem.  Soc. ,42, 166-70  (Jan.,  I920). 
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squash  oil  (see  above).     The  oil,  which  amounts  to  about  15  per 
cent,  of  the  seed,  was  found  to  have  the  following  composition : 


Glycerides  of 


Palmitic  acid  27.23  per  cent. 

Stearic  acid  2.75  per  cent. 

Arachidic  acid 0.05  per  cent. 

Oleic  acid    43-74  per  cent. 

Linolic  acid  26.62  per  cent. 

Unsaponifiable  matter 0.37  per  cent. 


A  CHEMICAL  STUDY  OF  THE  RIPENING  AND  PICKLING  OF 
CALIFORNIA  OLIVES.' 

By  R.  W.  Hilts  and  R.  S.  Hollingshead. 

[abstract.] 

The  results  of  an  investigation  of  the  chemical  changes  which 
occur  in  California  olives  during  ripening  and  during  pickling  in- 
dicate that  the  best  index  of  maturity  for  olives,  both  fresh  and 
pickled,  is  the  percentage  of  oil  in  the  fruit  flesh.  Allowance,  of 
course,  must  be  made  for  variations  due  to  the  variety  of  the  olives 
and  the  locality  in  which  they  are  grown.  A  minimum  oil  content 
of  17  per  cent,  in  the  flesh  is  offered  as  a  tentative  standard  of 
maturity  for  Mission  olives  and  other  common  varieties,  except 
the  Manzanillo,  Ascolano,  and  Sevillano.  A  miniinum  oil  con- 
tent of  15  per  cent,  is  recommended  as  a  tentative  standard  for 
Manzanillo  olives.  No  standards  for  maturity  are  recommended 
for  the  large-fruited  olives,  Ascolano  and  Sevillano,  which  must 
be  gathered  when  relatively  immature.  These  olives,  however, 
should  not  be  sold  under  the  designation  "  ripe." 

Because  of  the  great  variations  noted  in  the  composition  of 
olives  of  the  same  variety  grown  in  different  localities,  it  prob- 
ably will  never  be  practicable  to  set  definite  and  hard  fixed  minima 
for  oil  in  mature  olives,  and  the  proposed  standards  must  be 
applied  with  caution. 

It  was  found  that  some  of  the  abuses,  the  report  of  which 
led  to  this  investigation,  did  exist,  immature  olives  having  often 
been  pickled  and  colored  to  simulate  pickled  ripe  olives.  The 
data  given  in  the  bulletin  will  make  possible  the  detection  of 
gross  frauds  of  this  nature. 

'Dept.  Agr.  Bull.  803  (Jan.  24,  1920). 
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THE  OCCURRENCE  OF  MELEZITOSE  IN  HONEY/ 

By  C.  S.  Hudson  and  S.  F.  Sherwood. 

[abstract.] 

It  has  been  known  since  ancient  times  that  bees  collect  mannas 
during  droughts  because  floral  nectar  is  not  then  abundant. 
Turkestan  manna  and  likewise  a  manna  from  the  European 
larch  tree  have  long  been  known  to  contain  the  rare  sugar 
melezitose,  and  recently  the  authors  ^  found  over  70  per  cent, 
melezitose  in  a  manna  from  the  Douglas  fir  of  British  Columbia. 
The  identification  was  made  by  chemical  means  and  also  by 
optical  cr}'stallographic  examination  by  Dr.  Edgar  T.  Wherry.^ 
\\'hile  considering  the  possibility  that  melezitose  may  have  been 
present  in  some  kinds  of  honey  and  escaped  detection  in  the  past, 
the  authors  received  a  sample  of  comb  honey,  of  honey-dew  type, 
from  Port  Royal.  Pennsylvania,  which  had  crystallized  solidly 
in  nearly  all  the  cells.  The  crystals  were  not  d-glucose,  the  sugar 
that  frequently  crystallizes  from  honey,  but  were  pure  melezi- 
tose. Tw'o  samples  of  honey-dew  honey  from  Maryland  have 
also  been  found  to  contain  crystalline  melezitose.  An  investi- 
gation by  Dr.  Edgar  T.  Wherry  of  the  origin  of  these  three 
lots  of  honey  discloses  that  the  bees  collect  a  sweet  fluid  deposited 
on  the  young  twigs  of  the  Virginia  pine  {Pimts  virginiana)  by 
a  soft  scale  insect  (Tourney  ella  parvicorne  (?)  Ckll.),  or  at  other 
times  by  an  aphid  (Lachnus  pineti  (Fab)  Koch.),  and  store  away 
this  material  in  place  of  floral  nectar.  The  fluid  itself  was  found 
to  contain  much  melezitose.  Analytical  data  on  this  type  of 
honey  are  recorded,  and  a  way  for  the  approximate  estimation 
of  melezitose  in  such  products  is  described.  Since  melezitose 
has  already  been  identified  in  mannas  from  two  conifers,  namely, 
the  European  larch  and  the  Douglas  fir,  and  is  now  found  in  an 
exudation  from  a  third,  the  Virginia  pine,  the  question  naturally 
arises  whether  melezitose  may  not  be  present  in  the  sap  of  most 
coniferous  trees. 

*  Pubhshed  in  /.  Am.  Chetn.  Soc,  42,  116  (1920). 

'Hudson  and  Sherwood,  /.  Am.  Chem.  Soc,  40,  1456  (1918). 

"Wherry,  /.  Am.  Chem.  Soc,  42,  125  (1920). 
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A  Cheap  and  Simple  Micro-balance.  J.  H.  Saxry.  (Proc. 
Phys.  Soc.  London,  vol.  xxxii,  Part  I.) — ^The  balance  costs  about 
eighteen  pence,  is  designed  for  maximum  loads  of  5  milligrams 
to  as  many  decigrams,  has  an  accviracy  of  one  part  in  1000  and 
is  rapid  in  action.  A  horizontal  beam  is  fixed  in  position. 
To  each  end  is  attached  a  vertical  beam  supported  slightly 
above  its  centre  of  gravity  and  turning  readily  about  a  hori- 
zontal axis.  A  light  thread  is  stretched  from  the  lower  end  of 
one  vertical  beam  to  the  lower  end  of  the  other.  Its  length  is 
about  2  feet.  The  load  to  be  weighed  is  suspended  at  the  middle 
of  this  thread.  The  weight  draws  the  two  ends  of  the  vertical 
beams  together  and  thus  a  considerable  sinking  is  caused.  A 
calibration  curve  is  obtained  by  the  use  of  known  weights. 

The  beams  were  metal  ("  Meccano ")  strips  perforated  at 
regular  intervals  with  holes.  r   F  S 

Note  on  a  Modified  Form  of  Wehnelt  Interrupter.     F.   H. 

Newman.  {Proc.  Phys.  Soc.  London,  vol.  xxxii,  Part  I.) — For 
the  ordinary  Wehnelt  interrupter  a  P.D.  of  from  80  to  lOO 
volts  is  needed  and  besides  its  life  is  limited  by  the  disinte- 
gration of  the  metal.  In  the  modified  type  a  plate  of  aluminum 
of  50  sq.  cm.  area  and  a  platinum  wire  sealed  in  a  glass  tube  are  the 
electrodes.  The  minimum  potential  difference  necessary  is  18 
volts  and  the  interrupter  can  work  for  ten  hours  with  little  de- 
struction of  the  platinum  wire.  When  used  with  a  direct  current 
the  wire  must  be  made  the  positive  electrode.  The  current  is,  of 
course,  intermittent  and  the  frequency  of  the  interruptions  in- 
creases with  the  applied  volts. 

When  the  interrupter  is  used  with  alternating  current  the 
wire  is  positive  with  respect  to  the  aluminum.  When  joined  in 
series  with  the  primary  of  an  induction  coil  and  with  loo-volt 
A.C.  mains  the  current  in  the  secondary  of  the  coil  was  uni- 
directional and  very  steady — suitable  for  X-ray  production. 

G.  F.S. 

The  Constitution  of  the  Elements.  V.  W.  Aston.  {\'aturc, 
December  18,  1919.) — Pjy  the  use  of  his  j)ositive-ray  spectrograph 
the  author  finds  carbon  and  oxygen  to  be  pure  but  neon,  chlorine 
and  mercury  to  be  mixtures  of  isotopes.  Neon  is  a  mixture  of 
isotopes  of  atomic  weights  20  and  22,  chlorine  of  at  least  two 
isotopes  of  atomic  weights  35  and  37,  while  mercury  consists  of  a 
mixture  of  three  or  four  isoto])es  with  atomic  weights  in  the 
vicinity  of  200. 

A  fact  of  great  significance  is  that  of  more  than  40  delcrmina- 
tions  of  atomic  and  nioU-cuIar  weights,  all.  with  no  exception  at  all, 
prove  to  be  whole  nmnhers,  carbon  and  oxygen  being  taken  as 
J  2  and  16.  (-J    p  c^ 
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CO-OPERATIVE  PETROLEUM  WORK,  WYOMING. 
By  T.  B.  Tough  and  B.  H.  Scott. 

The  Rocky  Mouxtaix  Petroleum  Association  was 
formed  to  raise  a  fund  to  be  placed  at  the  disposal  of  members 
of  the  staff  of  the  Bureau  of  Mines  for  giving  advice  and  assist- 
ance in  regard  to  the  drilling  of  wells  in  the  Wyoming  oil  fields, 
since  preliminar\-  examination  indicated  that  operations  on  gov- 
ernment lands  were  resulting  in  considerable  waste  in  both  oil 
and  gas  production.  In  this  way  $30,000  was  made  available, 
and  work  was  started  on  Buck  Creek  Well  No.  4,  in  the  Lance 
Creek  field,  which  had  been  invaded  by  water.  Between  Septem- 
ber 16  and  November  14,  1919,  the  water  vv-as  successfully  shut 
off  and  the  well  began  flowing  at  the  rate  of  700  barrels  per  day. 
The  value  of  the  output  of  this  well  for  the  subsequent  month 
alone  will  more  than  repay  the  cost  of  such  work  in  the  entire 
Rocky  Mountain  region  for  a  year.  In  California,  where  similar 
work  has  been  carried  on,  the  result  has  been  such  an  improve- 
ment in  general  practice  that  companies  that  formerly  completed 
only  30  per  cent,  of  their  wells  in  good  condition  now  complete 
80  to  90  per  cent.  Another  result  of  such  work  is  that  produc- 
tion in  California  has  been  maintained  steadily  from  year  to 
year  v.ithout  the  help  of  phenomenally  large  wells  to  maintain 
the  output. 

REMOVAL  OF  LIGHTER  HYDROCARBONS  FROM 
PETROLEUM. 

By  J.  M.  Wadsworth. 

Calitorxia  practice  has  developed  the  desirabihty  of  sub- 
jecting petroleum  to  a  preliminary  refining  to  remove  the  lighter 
hydrocarbons.  When  the  crude  oil  is  to  be  burned,  it  is  obviously 
wasteful  not  to  first  remove  the  valuable  light  constituents.  As 
a  safety  precaution  it  is  also  desirable  to  remove  the  lighter  frac- 
tions from  oil  before  storage  to  prevent  losses  from  evaporation. 

*  Communicated  by  the  Director. 
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In  addition,  such  a  process  dehydrates  and  cleans  the  oil.  The 
character  of  the  California  oil  and  the  use  to  which  it  is  put 
accentuates  the  desirability  of  such  a  method.  In  considering 
the  construction  of  such  a  plant  the  following  factors  need  to 
be  taken  into  consideration  :  Will  the  volume  of  residuum  be  large 
enough  for  heat  exchange  with  the  crude?  Can  the  vapors  be 
used  to  reduce  the  cooling  water  requirements?  What  products 
will  be  made  and  what  volume  of  each?  W^ill  the  saving  of  fuel 
ju.stify  the  capital  and  maintenance  on  the  apparatus  required? 
What  type  is  suitable  for  the  oil  ?  What  method  will  best  recover 
the  heat  from  the  stack  gases?  Has  every  possible  provision 
been  made  for  the  recovery  of  heat?  A  number  of  California 
plants,  having  a  total  capacity  of  2,300,000  barrels  of  crude 
monthly  and  producing  an  average  yield  of  18  per  cent.  "  tops," 
or  light  fraction,  were  studied  and  the  detailed  results  of  this 
study  are  presented  in  Bulletin  162  of  the  Bureau  of  Mines.  The 
cost  of  the  plants  per  barrel  daily  capacity  varied  from  $2  to 
$28.55;  the  total  fuel  oil  consumed  under  the  stills  and  boilers 
ranged  from  1.07  to  3.69  per  cent,  of  the  crude  treated;  and  the 
combined  efficiency  of  furnace  and  stills  ranged  from  34.8  to 
66  per  cent. 

CONDITIONS  IN  THE  EUROPEAN  PHOSPHATE  MARKET. 
By  W.  C.  Phalen. 

The  farmers  of  France  have  had  since  1914  only  about  one- 
third  of  the  phosphate  ordinarily  consumed  and  even  though  there 
are  large  deposits  in  the  French  colonies  of  Tunis  and  Algiers, 
only  80,000  tons  were  brought  to  France  in  the  first  quarter  of 
1919,  as  compared  with  122,000  tons  in  the  same  period  of  1918, 
the  difficulty  being  one  of  transportation.  It  is  reported  to  be  the 
intention  of  the  French  government  to  regulate  the  exportation 
of  phosphate  from  Africa,  which  has  been  going  freely  to  Eng- 
land and  Italy,  so  as  to  assure  an  adequate  supply  for  France. 
Only  alx)Ut  one-half  of  the  needs  of  France  have  been  allocated, 
owing  to  the  difficulties  of  transportation  and  of  the  700,000  tons 
allocated  for  the  first  six  months  of  1919  only  30  per  cent,  was 
actually  imported.  The  French  specifications  as  to  soluble  phos- 
phate, iron,  and  alumina  are  not  so  strict  as  in  other  luiropean 
countries,  and  the  market  there  is  therefore  in  a  position  to  take 
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care  of  considerable  amount  of  medium  to  low-grade  phosphate. 

In  Italy  the  demand  for  phosphate  is  growing  because  of  the 
need  lor  increased  crop  production.  Before  the  war  the  importa- 
tion of  phosphate  into  Italy  was  largely  controlled  by  German 
timis.  but  a  number  of  Italian  importers  and  consumers  are  in 
direct  touch  with  American  producers. 

About  two-thirds  of  the  phosphate  imported  into  Spain  comes 
from  Africa  and  the  remainder  from  Florida.  About  a  half  mil- 
lion tons  of  superphosphate  were  consumed  in  Spain  yearly  before 
the  war.  but  only  al)out  one-half  that  was  consumed  in  1918.  It 
has  been  estimated  that  two  million  tons  could  be  consumed  yearly 
to  advantage,  but  the  growth  of  the  market  will  doubtless  be  slow. 
Of  the  amount  of  superphosphate  used  in  191 3,  80  per  cent,  was 
manufactured  in  Spain  and  the  rest  imported  from  England, 
France,  Belgium,  and  Holland. 


MINOR  NOTES. 


Storage  Battery  Locomotives. — At  a  conference  held  in  Har- 
risburg,  Pa.,  January  27th,  safe  use  of  storag^e-battery  locomo- 
tives underground  was  discussed  and  the  chief  inspector  of  the 
Pennsylvania  Department  of  Mines  stated  that  if  the  locomotives 
were  tested  and  approved  in  accordance  with  Schedule  No.  15  of 
the  U.  S.  Bureau  of  Mines,  they  would  be  acceptable  to  the  State 
of  Pennsylvania. 

Incombustible  Gas. — Some  gas  wells  of  the  mid-Continent 
field  yield  gas  that  is  practically  incombustible.  Samples  collected 
from  a  well  drilled  recently  near  Homing,  Oklahoma,  showed  less 
than  10  per  cent,  hydrocarbons. 


Ultra-rapid  Moving  Picture  Photography,  H.  Abraham,  E. 
Bloch,  and  L.  Bloch.  (Comptes  Rcndus,  Acad,  des  Sciences, 
vol.  clxix,  No.  22,  1919.) — A  small  Leyden  jar  charged  to  5000 
volts  discharges  across  a  gap  and  illuminates  the  object  to  be 
photographed.  As  soon  as  the  jar  has  discharged  it  recharges 
from  a  large  condenser.  The  sparks  pass  at  the  rate  of  more 
than  50,000  per  second,  and  have  a  duration  of  about  a  mil- 
lionth of  a  second.  They  are  therefore  practically  instantane- 
ous. The  successive  images  are  received  on  a  sensitive  film  in 
rapid  motion.  "  It  is  easy  to  take  moving  picture  views  with  a 
speed  of  more  than  twenty  thousand  photographs  per  second." 

G.  F.S. 
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Experiments  on  Gravitation.  L.  Majorana.  {Comptcs  Rm- 
dus,  Acad,  dcs  Sciences,  vol.  clxix,  Nos.  15  and  17,  1919. ) — 
A  lead  sphere  of  mass  1274  g.  suspended  from  the  right  arm  of  a 
balance  was  counterpoised  by  a  similar  sphere  on  the  left  arm. 
Both  spheres  are  surrounded  by  walls  of  the  same  shape.  The 
first  sphere  has  its  centre  coincident  with  the  centre  of  a  cylinder 
with  vertical  axis  which  can  be  filled  with  mercury  of  mass 
104  Kg.  The  liquid  is  kept  from  touching  even  the  protecting 
wall  about  the  lead  sphere.  A  vacuum  was  maintained  within 
the  balance  case  and  all  thermal,  electrical,  magnetic,  and  electro- 
magnetic effects  were  eliminated.  As  the  result  of  a  lengthy 
series  of  experiments,  conducted  at  night  or  on  days  of  general 
strike,  it  was  found  that  the  lead  sufifered  a  loss  of  weight  of 
0.0009  "^g-  when  it  is  surrounded  by  the  mercury,  that  is,  a  loss  of 
7.10"^°  of  its  weight.  This  is  of  interest,  since  hitherto  it  has  been 
believed  that  the  force  of  gravity  acts  through  matter  just  as  if 
it  were  a  vacuum. 

G.  F.S. 

American  Diet  Changing.  {Weekly  News  Letter,  U.  S.  De- 
partment of  Agriculture,  January  21,  1920,  vol.  vii,  No.  25,  p.  8.) — 
Whether  it  is  because  of  the  increased  cost  of  meat  or  because 
people's  tastes  have  changed,  the  fact  remains  that  Americans  are 
eating  8  per  cent,  less  meat  than  they  were  twenty  years  ago.  This 
is  disclosed  in  a  recent  dietary  survey  made  by  the  United  States 
Department  of  Agriculture. 

In  this  survey  2000  dietary  records,  each  covering  a  period  of 
seven  days,  were  collected  from  1425  families  and  575  institutions 
in  46  states.  Sixteen  nationalities  and  many  occupations  and  in- 
comes were  represented,  as  were  ailso  both  urban  and  rural  localities. 

From  a  summary  of  500  of  these  family  records  it  appears  that 
last  year  the  average  cost  of  food  per  man  per  day  was  46  cents, 
with  an  average  return  in  food  value  of  3225  calories,  96  grammes 
protein,  118  grammes  fat,  and  405  grammes  carbohydrate.  These 
figures  are  in  fairly  close  accord  with  the  dietary  standards  ordi- 
narily used  in  discussing  such  problems  of  general  nutrition. 

A  comparison  of  the  foodstuffs  purchased  by  the  500  families 
with  the  amounts  of  the  same  food  purchased  by  400  families  about 
twenty  years  ago  shows  that  the  amount  of  meat  in  the  American 
diet  has  decreased  about  8  per  cent.,  and  the  amount  of  grain  prod- 
ucts about  II  per  cent.  People  are  eating  more  milk,  butter,  and 
cheese  than  they  were  two  decades  ago,  for  the  amount  of  dairy 
products  consumed  has  increased  about  6  per  cent.  Four  per  cent, 
more  vegetables  and  8  ])er  cent,  more  fruit  are  being  eaten  now. 

Some  indivi<lurd  food  habits  undoubtedly  need  to  be  corrected, 
but,  judging  by  these  studies,  it  seems  fair  lo  conclude  that  (lie  aver- 
age diet  seems  to  be  adecjuate. 

R. 
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(Proceedings  of  the  Slated  Meeting  held  IVcduesday.  February  iS,  1920.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  February  18,  1920. 

President  Dr.  Walton  Clark  in  the  Chair. 

Additions  to  membership  since  last  report,  9. 

A  report  of  progress  was  presented  by  the  Committee  on  Library. 

The  standing  committees  for  the  year  1920-21  were  announced. 

Mr.  H.  W.  Fulweiler,  on  behalf  of  the  Committee  on  Science  and  the 
Arts,  described  the  work  of  Mr.  William  Wallace  Kemp  and  Mr.  William 
H.  Van  Horn,  of  Baltimore,  Md.,  to  whom  was  awarded  the  Edward  Long- 
streth  Medal  of  Merit,  for  their  Air  and  Gas  Mixing  Apparatus.  The 
President  presented  the  medals  and  accompanying  documents  to  Mr. 
Kemp,  who  thanked  the  Institute  for  the  honor  it  had  conferred  upon 
him  and  his  associate,  Mr.  Van  Horn. 

The  President  then  announced  that  the  meeting  would  become  a 
joint  one  with  the  Philadelphia  Section,  American  Chemical  Society,  and 
invited  Dr.  W.  A.  Pearson,  Chairman,  to  preside. 

Dr.  Irving  Langmuir,  of  the  Research  Laboratory,  General  Electric 
Company,  Schenectady,  N.  Y.,  presented  the  paper  of  the  evening  on 
"The  Structure  of  Atoms  and  its  Bearing  on  Chemical  Valence."  A  new 
theory  of  atomic  structures  based  upon  the  theories  of  Rutherford,  Kossel 
and  Lewis  was  offered.  By  making  certain  rather  simple  assumptions 
regarding  the  geometrical  arrangement  of  electrons  in  atoms  it  was 
shown  how  the  general  properties  of  all  the  elements,  including  those  of 
the  eighth  group  elements  and  rare  earths,  can  be  explained.  By  means 
of  this  new  theory  it  becomes  possible  to  outline  a  picture  of  the  mechanism 
of  chemical  action  and  the  meaning  of  chemical  valence.  It  leads  to  a 
single  simple  theory  of  valence  which  explains  and  correlates  the  various 
theories  that  have  been  used  in  the  past.  The  subject  was  illustrated  by 
diagrams,  charts  and  lantern  slides. 

A  rising  vote  of  thanks  was  extended  to  the  speaker,  and  the  meet- 
ing adjourned. 

:  R.  B.  Owens, 

fi-  ;  Secretary. 
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STANDING  COMMITTEES,  1920, 


OF  THE   BOARD 

ELECTIONS  AND  RESIGNATIONS. 

Robert  W.  Lesley,  Chairman 
Gellert  Alleman 
Alfred  W.  Gibbs 
Howard  S.  Graham 
Marshall  S.  Morgan 


ENDOWMENT. 

Coleman   Sellers,  Jr.,   Chairman 
G.  H.  Clamer 
Alfred  C.  Harrison 
Nathan  Hayward 
Wm.  Chattin  Wetherill 


EXECUTIVE. 

E.  H.  Sanborn,  Chairman 
Charles  Day 
Walton  Forstall 
Alfred  W.  Gibbs 
Alfred  C.  Harrison 

INSTRUCTION. 

Lawrence  T.  Paul,  Chairman 
George  A.  Hoadley 
Harry  F.  Keller 
Edward  V.  McCaffrey 
James  S.  Rogers 

SECTIONAL    ARRANGEMENTS. 

Harry  F.  Keller,  Chairman 
Gellert  Alleman 
George  R.  Henderson 
Robert  W.  Lesley 
C.  C.  Tutwiler 


EXHIBITIONS. 

Benjamin  Franklin,  Chairman 
Francis  T.  Chambers 
Theobald  F.  Clark 
Charles  Day 
Charles  A.  Hexamer 

PUBLICATIONS. 

George  D.  Rosengarten,  Chairman 
G.  H.  Clamer 
W.  C.  L.  Eglin 
George  A.  Hoadley 
E.  H.  Sanborn 

STOCKS   AND   FINANCE. 

Walton  Forstall,  Chairman 
Cyrus  Borgner 
Alfred  C.  Harrison 
James   S.  Rogers 
E.  H.  Sanbo'-n 


OF  THE  INSTITUTE. 


George  S.  Crampton 
H.  J.  M.  Creighton 
Clarence  A.  Hall 
George  A.  Hoadley 
Harry  F.  Keller 
Henry  Leffmann 
Marshall  S.  Morgan 
Paul  Spencer 
George  F.  Stradling 
Wm.  Chattin  Wetherill 

MEETINGS. 

Gellert   Alleman 
Charles  Baskcrville 
G.  H.  Clamer 
A.  S.  Cushman 


George  R.  Henderson 

Joseph  S.  Hepburn 

H.  E.  Ives 

A.  E.  Kennelly 

M.  M.  Price 

George  D.  Rosengarten 

MUSEUM. 

A.  E.  Outerbridge,  Jr. 
Hugo   Bilgrani 
Arthur  L.  Church 
Henry  F.  Colvin 
Charles  Day 
George  A.  Hoadley 
C.  W.  Masland 
H.  H.  Quimby 
Charles   Penrose 
Coleman  Sellers,  Jr. 
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COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting  held  IVednesday, 
February  4,  1920.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  February  4,  1920. 

Mr.  Benjamin  Franklin  in  the  Choir. 

Mr.  Charles  Penrose  was  unanimously  elected  Chairman  for  the  year  1920. 
The  following  report  was  presented  for  first  reading : 
No.  27+2 :    Leeds  &  Xorthrup's  Recording  Devices. 

R.  B,  Owens, 

Secretary. 

SECTIONS. 

Mining  and  Metallurgical  Section. — A  joint  meeting  of  the  Section  and 
the  Philadelphia  Chapter,  American  Steel  Treaters'  Society,  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  January  29,  1920.  Prof. 
A.  E.  Outerbridge,  Jr.,  and  Mr.  D.  K.  Bullens  presided  jointly. 

Albert  Sauveur,  B.S.,  Professor  of  Metallurgy  and  Metallography  of 
Harvard  University,  presented  a  coinmunication,  entitled  "  Fundamental 
Principles  to  be  Considered  in  the  Heat  Treatment  of  Steel."  The  funda- 
mental principles  underlying  the  heat  treatment  of  steel  were  described 
and  discussed  with  special  reference  to  the  results  of  recent  investiga- 
tions and  to  apparent  exceptions  to  the  general  rules.  The-  influence  of 
the  work  upon  the  microstructure  and  physical  properties  of  steel  was 
also  considered,  as  well  as  the  tests  to  be  applied  for  its  study.  The 
subject  was  illustrated  by  charts  and  lantern  slides. 

After  an  interesting  discussion  by  the  Chairman  and  others,  a  vote 
of  thanks  was  tendered  to  the  speaker. 

Adjourned. 

Alfred  Rigling, 
Acting  Secretary. 

Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  and 
the  Philadelphia  Section  of  the  American  Chemical  Society  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  February  5,  1920,  at 
8  o'clock.  Dr.  Harry  F.  Keller,  on  behalf  of  The  Franklin  Institute,  and 
Dr.  William  A.  Pearson,  on  behalf  of  the  American  Chemical  Society, 
presided  jomtly.  The  minutes  of  the  meeting  of  January  15th  were 
approved  as  read. 

Richard  B.  Moore,  Sc.D.,  Chief  Chemist,  U.  S.  Bureau  -of  Mines, 
Washington,  D.  C,  delivered  a  lecture  on  "  Helium."  The  history,  physi- 
cal and  chemical  properties,  and  occurrence  of  this  rare  element  were 
described.  An  outline  was  given  of  the  various  processes  which  have 
been  used  on  a  commercial  scale  for  the  extraction  of  helium  in  quantity 
from  the  natural  gas  of  certain  regions  in  the  United  States.    The  use  of 

Vol.  189,  No.  1131 — 29 


4o6  Membekshh'  Notes.  [J- F.  I. 

helium  as  a  substitute  for  hjdrogen  in  dirigibles  and  balloons  was  dis- 
cussed. The  lecture  was  illustrated  with  lantern  slides  and  experiments. 
The  paper  was  discussed  by  Messrs.  Miner,  Norman,  and  Henderson. 
On  motion  of  Dr.  Walton  Clark,  a  vote  of  thanks  was  extended  to  Doctor 
Aloore.     The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS   TO   MEMBERSHIP. 

(Stated  Meeting,  Board  of  Managers,  February  ii,  ig^o.) 

RESIDENT. 

Mr.  H.  H.  Pi.att,  Mechanical  Engineer,  1819  Walnut  Street,  Philadelphia,  Pa. 

NON-RESIDENT. 

Mr.   Kenneth    R.   Brown,   Chemist,   Atlas    Powder   Company,   and    for   mail. 

Atlas  Club,  Tamaqua,  Pa. 
Mr.   Frederic   V.   Hetzel,   Mechanical    Engineer,    Church    and    Dean    Streets, 

West  Chester,  Pa. 
Mr.  a.  J.  Moore,  Assistant  Inspector  of  Ordnance,  U.  S.  N.,  Bethlehem  Steel 

Works,  and  for  mail,  511  South  6th  Street,  Allenown,  Pa. 
Mr.  Ralph  H.  Muller,  Student,  University  of   Pennsylvania,  and   for  mail. 

2929  North  I2th  Street,  Philadelphia,  Pa. 
Mr.  Carl  D.   Pratt,  Chemist,  Atlas   Powder   Company,  and   for   mail,   Atlas 

Club,  Tamaqua,  Pa. 
Mr.   S.  N.  van  Trump,  Civil  Engineer,  Chief   Engineer,  Water   Department, 

Wilmington,  Del. 

associate. 
Mr.  John  C.  Da  Costa,  30,  Mechanical  Engineer,  The  Baldwin  Locomotive 

Works,  and  for  mail,  1529  Pine  Street,  Philadelphia,  Pa. 
Mr.  Hi  Nam  Ho,  Draftsman,  Philadelphia  Coppersmithing  Company,  and  for 

mail,  5530  Angora  Terrace,  Philadelphia,  Pa. 

CHANGES    OF   ADDRESS. 

Mr.  Walter  Atlee,  1209  John  Street,  Baltimore,  Md. 

Mr.  Clayton  O.  Billow,  6800  Sheridan  Road,  Chicago,  111. 

Mr.  H.  C.  Booz,  Berwind-White  Coal   Mining  Company,   i  ux)  Commercial 

Trust  Building,  Philadelphia,  Pa. 
Mr.  Arthur  L.  Collins,  5616  Crowson  Street,  Cermantown,  IMiiladelphia,  Pa. 
Mr.  John  L.  Cox,  12  Summit  Street,  Chestnut  Hill,  Philadelphia,  Pa. 
Mr.  R.  E.  Gillmor,  CJotham  Hotel,  5th  Avenue  and  .ssth   Street,  New   York, 

N.  Y. 
Mr.  Rohert  E.  Morton,  R.  E.  D.  No.  i,  Voorheesville,  N.  Y. 
Mr.  F.  J.  LeMalstre,  810  Bellevue  Court  Building,  Philadelphia,  I'a. 
Mr.  Benjamin  Smith  Lyman,   112  l^lm  Aveiuie,  Cheltotiham,    i\i. 
Mr.  J.  McGowan,  Jr.,  32  N.  Front  Street,  Camden,  N.  J. 
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Mr.  Angis  K.  Miller.  67  Park  Avenue,  Saranac  Lake,  N.  Y. 
Mr.  F.  \V.  Suttox,  The  Chas.  E.  Bcdaux  Co.,  4500  Euclid  Avenue,  Cleve- 
land, Ohio. 
Mr.  John  C.  Trautvvixf..  jro.,  1108  S.  46th  Street.  Philadelphia,  Pa. 
Mr.  E.  a.  Uehlixg,  3226  McKinley  Boulevard,  Milwaukee,  Wis. 


NECROLOGY. 


Hugh  McCaffrey  was  horn  in  Bambridge,  Ireland,  on  June  11,  1843,  and 
died  in  Philadelphia  on  December  15,  1919.  He  came  to  the  United  States 
when  a  young  man  and  was  a  pioneer  in  the  manufacture  of  files  in  Phila- 
delphia, having  established  in  1863  the  business  which  bears  his  name. 

Mr.  ^IcCaffrey  was  a  member  and  official  of  many  organizations,  and 
a  director  of  the  Beneficial  Saving  Fund  Society.  He  was  greatly  inter- 
ested in  the  civic  affairs  of  the  city  of  his  adoption  and  at  one  time  acted 
on  an  advisory  board  to  one  of  the  Mayors. 

Mr.  McCaffrey  became  a  member  of  The  Franklin  Institute  on  Janu- 
ary I.  1875. 

Mrs.  Francis  Cabeen,  Doylestown,  Pa. 

Mr.  C.  J.  R.  Humphreys,  P.  O.  Box  385,  Lawrence,  Mass. 

Mr.  J.  Gibson  Mcllvain,  East  Downingtown,  Pa. 

Mr.  Edwin  F.  Smith,  605  Commonwealth  Building,  Philadelphia,  Pa. 

Mr.  Elwyn  Waller,  7  Franklin  Place,  Morristown,  N.  J. 


LIBRARY  NOTES 


PURCHASES 
Armstroxg,  E.  F. — The  Simple  Carbohydrates  and  the  Glucosides.    1919. 
Bacox,  J.  L. — Forge  Practice  and  Heat  Treatment  of  Steel.     1919. 
Browx,  X.  C. — Forest  Products,  Their  Manufacture  and  Use.     1919. 
Carey,  A.  E.,  and  Oliver,  F.  W. — Tidal  Lands;  a  Study  of  Shore  Prob 

lems.    1918. 
Cross,  Roy. — Handbook  of  Petroleum  and  Natural  Gas.     1919. 
Crowther,  J.  A. — Ions,  Electrons,  and  Ionizing  Radiations.     1919. 
Ellis,  David. — Iron  Bacteria,     n.  d. 

Gr-ay,  ••Vxdrew. — Treatise  on  Gyrostatics,  and  Rotational  Motion.     1918. 
Greexe,  J.  A. — Treatise  on  British  Mineral  Oil.     1919. 
McClexdox,  J.  F. — Physical  Chemistry  of  Vital  Phenomena.     1917. 
Moore,  Harold. — Liquid  Fuels  for  Internal  Combustion  Engines.     1918. 
MoSER,     Alexaxder. — Die     Elektrolytischen     Prozesse     der     Organischen 

Chemie.     1910. 
Ostwald,  Wolfgaxg. — Die  Welt  der  Vernachlassigten  Dimensionen.    1919. 
RoBSON,  A.  G. — Engineering  Machine  Tools  and  Processes.     1919. 
Rose,  E.  M. — Diesel  Engine  Design.    1917. 

Smith,  Alexander. — Introduction  to  Inorganic  Chemistry.     1919. 
Thayer,  G.  H. — Concealing-Coloration  in  the  Animal  Kingdom.     1918. 


4o8  Library  Notes.  [J-  F.  I. 

GIFTS 

Abrasive  Company,  Catalogue  No.  7,  and  booklet :  Abrasive  Products 
for  the  Foundry.     Philadelphia,  Pa.,  1919.     (From  the  Company.) 

American  Engineering  Company,  Catalogue  of  the  Taylor  Stoker.  Phila- 
delphia, Pa.,  1918.     (From  the  Company.) 

American  Society  of  Mechanical  Engineers,  Transactions,  vol.  xl,  1918. 
New  York,  1919.     (From  the  Society.) 

Bacharach  Industrial  Instrument  Company,  Catalogue  F  and  Pamphlet  P. 
Pittsburgh,  Pa.,  no  date.     (From  the  Company.) 

Ball  Engine  Company,  Bulletins  Nos.  S-16,  S-20,  S-26,  S-30,  S-36.  Erie. 
Pa.,  1919.     (From  the  Company.) 

Bucyrus  Company,  Bulletins  G-91,  G-141,  C-351,  T-1002,  G-1751.  South 
Milwaukee,  Wis.,  1919.     (From  the  Company.) 

Canada  Department  of  Mines,  Annual  Report  on  the  Mineral  Produc- 
tion of  Canada  for  1918.     Ottawa,  1919.     (From  the  Department.) 

Carrier  Engineering  Corporation,  Booklet,  Weather  and  the  Story  of 
How  it  is  Manufactured.     New  York,  1919.     (From  the  Corporation.) 

Dake  Engine  Company,  Catalogue  No.  27.  Grand  Haven,  Mich.,  1919. 
(From  the  Company.) 

De  Laval  Separator  Company,  Catalogue  No.  loi.  San  Francisco,  Calif., 
1919.     (From  the  Company.) 

Delta-Star  Electric  Company,  Bulletin  No.  35.  Chicago,  111.,  1920.  (From 
the  Company.) 

Dempsey,  W.  L.,  Booklet,  The  Dempsey  Cycle.  Philadelphia,  Pa.,  no 
date.     (From  W.  L.  Dempsey.) 

Denver  Fire  Clay  Company,  Bulletins  Nos.  400  and  450.  Denver,  Colo., 
no  date.     (From  the  Company.) 

Duff  Manufacturing  Company,  Bulletin  of  Duff  Jacks.  Pittsl)urgh,  Pa., 
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BOOK  NOTICES. 

Electro-axalysis.  By  Edgar  ¥.  Sniitli,  Blanchard  Professor  of  Chemistry, 
University  of  Pennsylvania.  ()th  edition,  small  8vo.,  339  pages,  contents 
and  index.  47  illustrations.  Philadelphia.  P.  Blakiston's  Son  &  Co. 
$2.50  net. 

Doctor  Smith  has  long  been  known  as  a  pioneer  and  authority  in  the 
field  of  electro-chemistr\'  applied  to  analysis,  and  a  comparison  of  the 
earliest  edition  of  the  present  work  with  that  now  at  hand  will  show  the 
extraordinary  progress  that  has  been  made  in  the  field.  Of  this  progress 
Doctor  Smith  can  truly  say,  "  all  of  which  I  have  seen  and  of  which  a  large 
part  I  have  been."  It  is  indeed  astonishing  to  the  chemist  who  has  not 
kept  in  touch  with  the  developments  in  this  field  of  analysis  to  note  the 
many  applications,  especially  to  metals  that  in  earlier  days  would  have 
been  regarded  as  quite  beyond  the  reach  of  accurate  electrolytic  separa- 
tions, for  it  was  then  thought  that  no  metal  that  acts  upon  water  or  that 
is  readily  o.xidized  in  the  air  could  be  dealt  with  quantitatively  by  electrol- 
ysis. The  present  book  gives  very  satisfactory  results  with  alkali  and 
alkali-earth  metals.  The  ingenious  application  of  potential  determination, 
which  is  now  eliminating  the  use  of  indicators,  is  illustrated  in  the  fol- 
lowing experiment,  quoted  in  the  language  of  the  book.  "  Further,  it 
was  discovered  that  the  separation  of  these  metals  (alkali  metals)  was 
possible  by  observing  the  difference  in  the  decomposition  pressures  of 
their  chlorides.  For  example,  place  a  mixture  of  sodium  chloride  and 
potassium  chloride  in  the  inner  compartment  of  the  double  cup  (apparatus 
described  and  figured).  Rotate  the  anode  and  close  the  circuit.  As  the 
point  of  decomposition  of  potassium  chloride  is  4/30  volt  higher  than  that 
of  sodium  chloride,  raise  the  pressure  to  2/30  volt  higher  than  the  'break 
point '  of  the  mixture  and  carefully  maintain  this  pressure  to  the  end  of 
the  electrolysis.  The  sodium  chloride  alone  will  be  decomposed,  its 
chlorine  forming  silver  chloride  at  the  anode,  while  its  sodium  will  pass 
into  the  mercury  and  form  sodium  hydroxide  with  the  water  in  the  outer 
cup.  The  disappearance  of  the  '  break  '  of  sodium  chloride  and  the  sub- 
stitution for  it  of  the  higher  decomposition  pressure  of  potassium 
chloride  are  the  evidences  of  the  completion  of  the  electrolysis."  Doctor 
Smith  states  that  the  method  is  serviceable  in  the  determination  of  the 
small  amounts  of  alkali  metals  which  occur  in  silicates,  which  will  be  a 
great  boon  to  mineralogists  and  petrologists. 

The  book  contains  an  extensive  bibliography  and  constitutes  a  most 
valuable  addition  to  analytic  literature. 

Henry  Leffmann. 

The  Preparation  of  Organic  Compounds.     By  E.  De  Barry  Barnett,  B.Sc. 

(Lond.),  A.  I.  C.    2d  edition,  small  8vo.     226  pages,  contents  and  index. 

54  illustrations.     Philadelphia,  P.  Blakiston's  Son  &  Co.,  1920.     $3.25  net. 

In  the  preface  allusion  is  made  to  the  extent  to  which  the  world  has 
been  for  many  years  dependent  on  Germany  for  the  more  recondite  phases 
of  applied  organic  chemistry,  and  the  importance  of  escaping  from  this 
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dependenc}'.  It  is  pointed  out  that  a  chemist  who  is  specially  familiar 
by  actual  practice  with  a  limited  number  of  chemical  processes  is  often 
prefered  to  a  chemist  just  from  college.  This  is,  however,  illusory,  as  the 
specialist  is  often  merely  a  superior  type  of  foreman,  and  cannot  bring  to 
the  solution  of  problems  wide  knowledge  that  the  college-trained  man 
has.  Too  often  knowledge  which  cannot  be  at  once  turned  into  dividends 
is  apt  to  be  regarded  as  merely  ornamental.  A  fact  that  may  seem  merely 
academic  will  often  lead  to  a  valuable  discovery.  With  these  views  of 
the  author  all  trained  scientists  will  agree.  The  object  of  science  is  the 
discovery  of  truth. 

Turning  to  matter  of  the  book,  we  find  that  after  about  thirty  pages 
of  description  of  apparatus,  methods  and  reagents,  the  description  of  the 
preparing  of  organic  bodies  begins  with  the  simpler  hydrocarbons,  then 
takes  up  halogen  derivatives,  and  proceeds  to  alcohols-,  aldehydes,  acids, 
nitriles,  nitroso-  and  nitro-compounds,  amines,  azo-  and  sulpho-compounds, 
winding  up  with  a  large  collection  of  miscellaneous  compounds  of  com- 
plex character,  including  many  of  the  dyes  and  so-called  coal-tar  syn- 
thetics. The  text  is  clearly  written,  the  nomenclature  up  to  date,  the 
chemical  composition  and  reactions  very  frequently  illustrated  by  the 
use  of  structural  formulas,  in  which  the  reviewer  is  pleased  to  note  that 
the  benzene  hexagon  is  correctly  used  in  accordance  with  Kekule's  sugges- 
tion, a  rule  that  is  by  no  means  always  followed.  That  the  chemist  must 
still  depend  upon  German  authorities  for  information  in  this  field  is  shown 
by  the  numerous  references  to  German  periodicals,  but  English  chemists 
have  never  "  lost  their  heads  "  on  this  subject,  having  apparently  been 
guided  by  the  old  Roman  maxim,  "  Fas  est  et  ab  hostis  doceri."  A  book 
such  as  the  one  in  hand  will  go  far  towards  relieving  English-speaking 
nations  of  dependence  on  any  continental  authorit3%  but  scientists  cannot, 
it  is  to  be  hoped,  ever  be  brought  to  ignoring  any  investigation,  whether 
made  by  enemy  or  friend,  rival  or  associate. 

Lastly  it  is  proper  that  the  printer  should  be  commended  for  the 
excellent  typographic  work  and  general  neatness  of  the  book. 

IIenrv  Lkffm.vnn. 

A  Treatise  on  Qualitative  Analysis.     By  Frank  Clowes,  D.Sc.    (Lond.), 
F.I.C.,  and  J.  Bernard  Coleman,  A.R.C.Sc.   (Dublin),     gth  edition,  8vo., 
386  pages,  contents  and  index.    London,  J.  &  A.  Churchill,  1920.    $5.00  net. 
This  book  has  been  long  before  the  public,  and  the  fact  that  it  has 
reached  the  ninth  edition  is  sufficient  evidence  of  the  service  it  has  been 
to  the  student  of  chemistry  in  the  field  to  which  it  is  specifically  devoted. 
It  follows,  in  the  main,  the  general  arrangement  and  scope  of  books  on 
qualitative  analysis  and  is  divided  into  four  parts.     Part  one  describes  the 
apparatus  and  methods  employed,  part  two  the  analytic  reactions  applic- 
able for  the  detection  of  substances,  and  part   three  the   procedures   to 
be  employed  for  the  detection  of  these  substances,  with  an  appendix  of 
the  usual  analytical  tables.     The  fourth  part  is  devoted  to  description  of 
the  equipment  of  a  working'  laboratory  for  students.     It  must  be  con- 
fessed that   in   several   respects   this   chapter   is   sadly   out   of   date.     No 
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mention  is  made  of  electrical  installation.  The  improved  forms  of  Bunsen 
burners  so  familiar  to  American  chemists  do  not  seem  to  have  met  with 
favor  in  the  authors'  laboratory.  The  table  of  atomic  weights  contains 
data  in  regard  to  all  the  elements  that  are  within  the  purview  of  the  book, 
but  as  a  table  it  is  incomplete.  Formulas  are  used  profusely,  which  is  of 
great  advantage  to  the  student,  but  the  reviewer  doubts  if  any  advantage 
results  from  the  use  of  the  symbol  "  Am  "  for  the  formula  NHi.  It  seems 
also  that  in  connection  with  arsenic,  some  account  should  be  given  of 
the  modern  methods  for  detecting  minute  amounts  of  that  element.  They 
are  safer  and  more  interesting  to  the  student  than  the  old-fashioned 
Marsh  method.  In  the  description  of  Reinsch's  test,  it  is  recommended 
to  clean  the  copper  slip  by  means  of  emery  paper  or  nitric  acid,  and  then 
immerse  it  in  the  suspected  solution  which  has  been  acidulated  with  hydro- 
chloric acid.  A  much  safer  way  is,  however,  to  immerse  the  clean  slip 
in  dilute  hydrochloric  acid,  boil  the  liquid  for  a  few  minutes  and  then  add 
the  suspected  solution.  Notwithstanding  these  few  points  on  which 
animadversion  seems  to  be  required,  the  book  is  a  valuable  aid  to  the 
student  in  qualitative  analysis. 

Henry  Leffmann. 

A  Short  Haxdbook  of  Oil  Analysis.  By  Augustus  H.  Gill,  S.B.,  Ph.D. 
Revised  8th  edition,  small  8vo,  204  pages  and  index.  Illustrated.  Phila- 
delphia, J.  B.  Lippincott  Company.    $2.50  net. 

A  work  that  has  gone  through  eight  editions  in  a  little  over  a  score  of 
years  requires  no  encomiums  from  the  reviewer,  for  it  is  evident  that  it 
meets  well  the  purposes  to  which  it  is  devoted.  Doctor  Gill's  book  is 
well  known  as  a  handy  volume  for  the  commercial  analyst  and  works 
chemist,  who  has  to  deal  with  oils,  fats  and  waxes,  a  group  of  the  highest 
importance  in  both  industrial  and  physiologic  chemistry.  The  present 
edition  preserves  the  forms  of  the  earlier  ones,  except  as  to  few  changes 
made  necessary  by  the  progress  of  science.  Among  these  changes  are  a 
description  of  the  AlacMichael  viscosimeter  and  a  means  of  reductions 
of  viscosimetrical  readings  to  absolute  units  or  poises.  Several  minor 
tests  for  lubricating  oils  have  been  introduced.  Special  tests,  methods 
of  analysis  and  descriptions  of  special  oils  and  greases  have  been  revised 
where  necessary,  particularly  in  the  case  of  drying  oils,  and  methods  of 
analysis  of  edible  and  hardened  oils  and  fats  are  also  included.  The  work 
is  a  compact,  well-printed  guide  to  accurate  chemical  procedure  in  a  very 
important  field. 

Henry  Leffmann. 

Refr.\ctory  Materials,  Their  Manufacture  and  Uses.    By  Alfred  B.  Searle. 

422   pages,   contents   and   index,    135    illustrations,    8vo.      Philadelphia, 

J.  B.  Lippincott  Company,  1917. 

The  author  says  in  the  preface:  "Few  people  realize  that  almost 
every  modern  industry  is  dependent  on  the  use  of  refractory  materials. 
Without  them   no   steel,   brass   or   other  technically   valuable   metals    or 

Vol.  189,  No.  1131 — 30 


414  Book  Notices.  [JFI- 

alloys  could  be  reduced,  no  furnaces  could  be  constructed,  and  the  use 
of  gas  and  electricity  as  sources  of  power  would  be  impossible.  The  won- 
derful progress  that  has  been  made  in  many  other  branches  of  industry 
in  the  last  three  decades  would  have  been  impossible  in  the  absence  of 
refractory  materials." 

It  has  therefore  become  necessary  to  study  the  composition  and  quali- 
ties of  known  refractories,  to  seek  new  sources  of  the  old  materials  and 
also  new  forms.  One  of  the  most  interesting  developments  along  the 
latter  line  is  the  discovery  of  abundant  sources  of  zirconium  compounds, 
from  which  excellent  refractory  products  are  obtained.  When  the  incan- 
descent mantle  was  invented,  all  zirconium  compounds  were  rare  min- 
erals, but  at  the  present  time  the  supply  is  abundant,  being  principally  the 
mineral  known  as  baddleyite — zirconium  dioxide — obtained  from  the  Sao 
Paulo  district  in  Brazil.  Pure  zirconium  dioxide  (zirconia)  has  a  very 
low  coefficient  of  expansion,  and  hence  is  not  liable  to  crack  when  exposed 
to  sudden  changes  in  temperature.  It  is,  however,  too  porous  for  cru- 
cibles, but  the  addition  of  from  i  to  3  per  cent,  of  thoria  or  of  dead-burned 
magnesite  will  reduce  the  porosity  considerably,  without  seriously  dimin- 
ishing the  refractory  character.  It  is  somewhat  astonishing  to  read  in 
an  English  book,  the  preface  of  which  is  dated  two  and  a  half  years  after 
the  outbreak  of  the  European  war,  statements  that  the  manufacture  of 
articles  from  zirconia  is  principally  in  the  hands  of  certain  German  firms. 
The  following  paragraph  is  also  interesting:  "  It  is  a  curious  fact  that 
with  raw  materials  inferior  to  those  commonly  found  in  Great  Britain 
(in  reference  principally  to  fire-clays),  the  Belgian,  German  and  Aus- 
trian manufacturers  have  produced  goods  which  are  more  accurate  in 
shape,  less  affected  by  severe  conditions  of  use,  and  generally  recognized 
as  being  of  higher  quality  than  those  made  here.  Moreover,  foreign 
manufacturers  have  been  able  to  state  in  detail  the  properties  of  their 
goods  under  certain  conditions,  and  have  been  willing  to  guarantee  results 
to  an  extent  which  most  British  manufacturers  have  found  impracticable." 
It  is  probable  that  the  conditions  are  to-day  more  favorable  to  the  British 
makers  of  refractories. 

Henry  Leffm.\nn. 

Penrose's  Annual.     Volume  xxii  of  the  Process  Year-Book.      Edited  by 

William  Gamble,  F.R.P.S.     London,  Percy  Lund,  Humphries  &  Co. 

Small  4to,  112  pages,  with  many  illustrations  in  monotone  and  color.     1920. 

Price,  ID  shillings  6  pence. 

This  beautiful  volume  is,  as  usual  in  such  cases,  the  product  of  joint 
efforts  by  many  firms  engaged  in  the  manufacture  of  materials  and  appa- 
ratus employed  in  the  methods  of  photo-engraving  now  so  familiar  to  the 
public.  The  reviewer  can  do  little  more  than  commend  the  execution  of 
the  illustrations  and  presswork,  for  the  book  must  be  seen  to  be  appre- 
ciated. An  interesting  feature  is  to  compare  one  of  the  very  early  issues 
with  the  present  one,  which  will  enable  us  to  see  the  enormous  strides 
that  have  been  made  in  the  art  of  processing.  In  the  1896  issue  there 
were  very  few  color  pictures,  and  these  were  notably  inferior  to  present- 
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day  work,  although  at  that  time  considered  to  be  excellent.  The  modern 
processes  of  color  photography  have  advanced  so  far  that  the  best  work 
now  available  comes  close  to  the  quality  of  the  artist. 

Henry  Leffmann. 

Xation.\l  AinisoRv  Committee  for  Aeronautics.   Report  No.  46.    A  Study  of 

Airplane  Engine  Tests.    Preprint  from  the  Fourth  Annual  Report.    40 

pages,  diagrams,  quarto.     Washington,  Government  Printing  Office,  1920. 

This  report  is  a  study  of  the  results  of  manj'  tests  made  upon  one 
engine  in  the  Altitude  Laboratory  of  the  Bureau  of  Standards. 

Three  major  variables  are  considered;  namely,  speed,  altitude,  and 
power;  as  well  as  other  variables,  such  as  heat  distribution,  friction  losses, 
carburetion,  etc. 

The  work  shows  that  power  varies  approximately  with  the  density  of 
the  air.  decreasing  with  altitude.  The  heat  supplied  in  the  fuel  should 
be  proportional  to  the  density  of  the  air  up  to  nearly  15,000  feet  altitude; 
above  this  altitude  a  richer  mixture  should  be  supplied.  The  thermal 
efficiency  based  on  brake  power  is  a  variable,  but  when  based  on  the 
indicated  power  it  is  nearly  a  constant  for  all  speeds  and  altitudes.  The 
sensible  heat  in  the  exhaust  varies  somewhat,  but  is  closely  related  to 
the  heat  rejected  on  the  theoretical  (Otto)  cycle.  The  pounds  of  fuel 
per  I.  H.  P.  per  hour  is  constant  up'  to  nearly  15,000  feet  altitude,  but 
increases  at  the  higher  altitude  as  a  richer  mixture  is  required.  When 
fuel  consumption  is  based  on  B.  H.  P.,  it  steadily  rises  with  decrease  of 
density,  owing  to  the  effect  of  a  nearly  constant  friction  loss  at  a 
given  speed. 

Report  No.  67,  Supplies  and  Production  of  Aircraft  Woods.  Preprint 
from  the  Fifth  Annual  Report.  62  pages,  maps,  quarto.  Washington.  Gov- 
ernment Printing  Office,  1919. 

The  purpose  of  this  report  is  to  present  in  brief  form  such  informa- 
tion as  is  available  regarding  the  supplies  of  the  kinds  of  wood  that  have 
been  used  or  seem  likely  to  become  important  in  the  construction  of  air- 
planes, and  the  amount  of  lumber  of  each  species  normally  put  on  the 
market  each  year.  A  general  statement  is  given  of  the  uses  to  which  each 
kind  of  wood  is  or  may  be  put,  but  no  attempt  has  been  made  to  go  into  a 
technical  discussion  of  these  various  uses. 

The  information  contained  in  this  report  has  been  compiled  from  a 
great  many  sources,  including  principally  published  and.  unpublished 
reports  by  various  members  of  the  Forest  Service.  Many  of  the  figures 
given,  particularly  those  relating  to  amounts  of  standing  timber,  are  only 
crude  estimates,  but  until  we  have  a  census  of  the  forest  resources  of  the 
country  we  shall  have  to  depend  largely  on  guesswork.  The  figures  on 
production  of  lumber  are  taken  from  the  annual  lumber  census  reports 
and  may  be  relied  upon.  Estimates  as  to  the  proportions  of  the  total 
lumber  production  of  different  species  that  may  be  suitable  for  the  manu- 
facture of  aircraft  are  necessarily  very  general,  and  are  open  to  modifica- 
tion as  methods  of  sawing  or  as  airplane  specifications  change. 
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It  is  believed  that  all  the  species  used  to  any  extent  or  approved  for 
use  in  American  aircraft  are  included.  However,  specifications  in  all 
probability  will  be  changed  as  the  industry  develops.  Consequently,  the 
I'.se  of  many  kinds  of  woods  not  now  considered  suitable  may  eventually 
be  allowed.    Copies  of  the  above  reports  may  be  obtained  from  the  Committee. 

R. 

PUBLICATIONS  RECEIVED. 

The  Preparation  of  Organic  Compounds,  by  E.  De  Barry  Barnett.  2d  edi- 
tion, 273  pages,  illustrations,  8vo.  Philadelphia,  P.  Blakiston's  Son  &  Com- 
pany, 1920.     Price,  $3.25. 

A  Treatise  on  Qualitative  Analysis  Adopted  for  Use  in  the  Laboratories 
of  Colleges  and  Technical  Institutes,  by  Frank  Clowes  and  J.  Bernard  Cole- 
man. 9th  edition,  400  pages,  illustrations,  plates,  8vo.  London,  J.  &  A. 
Churchill ;  Philadelphia,  P.  Blakiston's  Son  &  Company,  1920.    Price,  $5. 

Penrose's  Annual:  Volume  xxii  of  The  Process  Year  Book,  edited  by 
William  Gamble,  1920.  112  pages,  many  illustrations,  color  prints,  plates, 
quarto.  London,  Percy  Lund,  Humphries  &  Company.  Price,  10  shillings 
6  pence  net. 

Canada,  Dominion  Experimental  Farms:  Report  for  the  fiscal  year 
ending  March  31,  1919.  196  pages,  8vo.  Ottawa,  King's  Printer,  1920.  Price, 
15  cents. 

Canada  Department  of  Mines:  Annual  Report  on  the  Mineral  Produc- 
tion of  Canada  During  the  Calendar  Year  1918.  80  pages,  8vo.  Production  of 
Coal  and  Coke  in  Canada  During  the  Calendar  Year  1918,  40  pages,  Svo. 
The  Production  of  Copper,  Gold,  Lead,  Nickel,  Silver,  Zinc,  and  Other  Metals 
in  Canada  During  the  Calendar  Year  1918.  74  pages,  Svo.  Ottawa,  King's 
Printer,  1919. 

U.  S.  Bureau  of  Mines:  Bulletin  162.  Removal  of  the  Lighter  Hydro- 
carbons from  Petroleum  by  Continuous  Distillation,  with  Especial  Reference  to 
Plants  in  California,  l)y  J.  AI.  Wadsworth.  161  pages,  illustrations,  plates. 
diagrams,  Svo.  Miners'  Circular  26.  Miners'  Safety  and  Health  .Mmanac 
for  1920.  Published  in  cooperation  with  the  V.  S.  Public  Health  Service.  Com- 
piled by  R.  C.  Williams.  51  pages,  illustrations,  Svo.  Monthly  Statement  of 
Coal  Mine  Fatalities  in  the  United  States,  October  and  November,  1919.  Com- 
piled by  Albert  H.  Fay.  2  pamphlets,  Svo.  Washington,  (^ovornnu-nt  Printing 
Office,  191Q. 

Utilization  of  Fish  Waste  in  Canada. — Alfrkd  J.  Curtis 
(Canadian  Chemical  Journal,  1920,  iv,  4-5)  points  out  that  the 
Canadian  waters  pro(Uice  685,000  tons  of  fish  annually.  The  annual 
loss,  includinjT  fish  unfit  for  human  consumption  and  loss  in  dress- 
ing and  marketinjj^,  is  estimated  as  300,000  tons.  This  waste  could 
readily  be  converted  into  fish  meal,  fish  oil,  and  fertilizer  worth 
aproximately  $10,000,000.  Under  favorable  conditions  one  ton  of 
waste  might  yield  540  pounds  of  fi.sh  meal  worth  $20  and  260  pounds 
of  fish  oil  worth  $30;  the  cost  of  manufacture  would  be  $10.  leaving 
a  i)r()fit  of  $40.       '  J.  S.  H. 
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Activation  of  Carbon.  (From  Proceedings  of  the  Thirty-ninth 
General  Meeting  of  the  American  Electro-Chemical  Society,  Sep- 
tember 23-26,  1919.) — In  the  paper  presented  by  N.  K.  Chaney 
some  very  interesting-  data  have  been  brought  forward  concern- 
ing the  conditions  under  which  charcoal  acquires  and  retains  its 
absorptive  and  adsorptive  powers.  Investigation  into  this  field 
was,  mainly  stimulated  by  the  exigencies  of  the  late  war,  in  which, 
as  is  well  known,  charcoal  was  used  as  the  main  ingredient  of  the 
gas-mask,  but  the  facts  thus  brought  forth  are  being  rapidly 
applied  to  industrial  requirements.  The  development  of  a  specifi- 
cally activated  carbon  is  not  based  solely  on  mere  improvements 
of  the  well-known  forms  of  charcoal,  but  represents  a  new  view- 
point as  to  the  general  nature  of  the  coal  and  the  conditions  of  the 
surface.  In  addition  to  the  work  of  Chaney,  that  of  A.  B.  Lamb 
has  contributed  to  the  elucidation  of  new  data.  The  National 
Carbon  Company  operated  in  conjunction  with  the  Chemical  War- 
fare Service  in  perfecting  the  gas-mask  material  for  the  United 
States  Army. 

The  main  results  set  forth  in  the  present  paper  are  as  follows : 

Elementary  carbon,  except  diamond  and  graphite,  exhibits 
one  of  two  forms,  "  active  "  or  "  inactive." 

All  primary  amorphous  carbon  consists  essentially  of  a  stabil- 
ized complex  of  h3-drocarbons,  adsorbed  on  a  base  of  active  carbon. 

The  active  modification  is  characterized  by  a  high  specific 
adsorptive  capacity  for  gases.  The  inactive  form  exhibits  no 
specific  capacity  of  that  type.  The  two  forms  also  differ  in  tem- 
perature of  formation  and  susceptibility  to  chemical  action.  The 
active  modification  is  formed  whenever  carbon  is  deposited  at  low 
temperatures,  either  by  chemical  or  thermal  methods,  in  general 
below  600°  C,  the  inactive  form  from  similar  decompositions  at 
higher  temperatures.  The  active  form  is  rapidly  attacked  by  oxi- 
dizing agents,  even  slow  oxidation  occurring  at  room  tempera- 
ture. Hydrocarbons  that  decompose  above  700°  C.  do  not  yield 
active  carbon ;  acetylene  that  may  be  cracked  at  a  temperature 
of  300^  C.  does  yield  it.  In  the  ordinary  processes  of  destructive 
distillation  at  relatively  low  temperatures,  active  carbon  is  first 
formed,  which,  by  virtue  of  its  adsorptive  capacity,  takes  up  a 
certain  amount  of  the  hydrocarbons  in  contact  with  and  stabilizes 
them  so  that  they  are  retained  under  conditions  of  temperature 
and  pressure  at  which  they  would  otherwise  be  quickly  elimi- 
nated. For  example,  quantities  of  a  hydrocarbon  resembling 
anthracene,  the  boiling  point  of  which  is  360°  C,  have  been  iso- 

417 


4i8  Current  Topics.  [J- f.  I. 

lated  from  cedar  charcoal  which  had  been  calcined  at  850°  C, 
and  chlorine  substitutions  of  hydrocarbons  may  be  obtained  in 
notable  quantity  by  passing  chlorine  over  coconut  or  other  char- 
coals which  have  been  calcined  at  similar  temperatures.  An  in- 
teresting corollary  of  these  investigations  is  that  anthracite  may 
be  regarded  as  a  native  primary  carbon,  since  it  has  been  shown 
to  possess  an  active  carbon  base  saturated  with  adsorbed  hydro- 
carbons.   Bituminous  coal  and  ordinary  coke  are  of  the  same  type. 

Primary  carbon  is  essentially  an  adsorption  complex  of  hydro- 
carbons, adsorbed  by  a  base  of  active  carbon  with  or  without  asso- 
ciated non-adsorbed  hydrocarbons. 

Secondary  carbon  is  primary  carbon  partially  or  completely 
broken  up  with  formation  or  introduction  of  inactive  carbon  by 
the  high  temperature  decomposition  of  its  hydrocarbons. 

According  to  the  theory,  carbon  deposited  at  low  temperature 
and  absolutely  free  from  hydrocarbons  should  be  the  purest  form 
of  active  carbon  and  require  no  activating  process.  This  was  con- 
firmed by  preparing  carbon  at  300°  C.  by  transforming  carbon 
monoxide  into  carbon  and  carbon  dioxide  with  the  aid  of  ferric 
oxide  as  a  catalyst.    This  carbon  proved  to  be  very  active. 

The  discovery  of  the  availability  of  anthracite  and  other 
natural  coals  and  of  the  possibility  of  making  synthetic  primary 
carbon  from  pulverized  materials  by  the  use  of  the  usual  binders 
saved  the  country  from  a  critical  shortage  of  materials  near  the 
close  of  the  war.  The  special  forms  obtained  were  known  as 
Dorsite  (from  coconut),  Bachite  (from  anthracite),  and  Car- 
bonite  (from  lampblack,  powdered  coal,  or  similar  material). 
German  carbon  was  made  by  impregnating  wood  with  metallic 
salts,  carbonizing  and  then  extracting  with  acid.  This  process 
gives  but  a  small  amount  of  active  carbon,  but  leaves  an  extremely 
fine  capillary  mass.  These  observations  led  to  the  distinction  be- 
tween "  capillary  capacity  "  and  "  specific  capacity."  The  former 
is  distinguished  by  large  capacity  at  high  gas  concentrations  and 
by  rapid  equilibrium  between  the  adsorbent  and  gas-phase  in 
either  direction,  the  gas  being  removed  as  easily  as  it  is  adsorbed. 
"  S])ecific  caj^acity  "  is  characterized  by  very  considerable  capacity 
at  low  gas  concentrations  and  by  an  extremely  low  rale  of  loss 
during  reversal  of  the  adsorption  process. 

Through  these  researches  it  has  been  made  possible  to  pre- 
pare intelligently  such  active  carbon  on  the  large  scale  from  what- 
ever source  may  be  the  cheapest  or  most  desirable.  The  unique 
properties  of  the  material  both  as  a  catalyst  and  adsorbent  sug- 
gest that  it  will  find  many  applications  in  the  industries. 

H.  L. 

Earth-current  Telegraphy.  Capt.  L.  C.  Carus- Wilson.  (The 
Royal  liufjinccrs'  Journal,  January,  1920.) — Tf  an  electric  current 
is  sent  into  the  earth  at  one  ])oint  and  leaves  it  at  another,  it 
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travels  from  one  point  to  the  other,  not  in  a  straight  line,  but 
along  a  series  of  curved  paths.  If  the  two  free  ends  of  two 
wires  attached  to  a  receiving  instrument  are  inserted  into  the 
earth  at  some  distance  from  each  other,  and  not  far  from  the 
earth  current  just  mentioned,  they  will  have  a  difference  of 
potential  and  a  current  will  flow  through  the  receiving  instru- 
ment. If  it  is  a  telephone  current  which  flows  through  the  earth, 
and  if  the  receiving  instrument  is  a  telephone,  then  in  the  latter 
may  be  heard  the  message  picked  up  from  the  earth.  To  magnify 
the  sensitiveness  of  the  receiver  the  French  introduced  the  "  Low 
Frequency  Amplifier,"  three  valves  in  cascade,  with  total  magni- 
fication of  125,  by  which  telephone  conversations  could  be 
overheard  at  a  distance  of  several  thousand  yards.  The  Huns  cap- 
tured one  of  the  valves,  saw  for  what  it  was  used,  and  at  once 
applied  it  themselves.  There  ensued  a  war  of  wits,  each  side  en- 
deavoring to  overhear  the  messages  of  the  other  side  and  to  l^eep 
its  own  messages  from  being  intercepted.  By  the  "  Fuller- 
phone  "  messages  could  be  sent  by  the  Morse  code  without  dan- 
ger of  being  picked  up. 

By  picking  up  current  from  the  earth  signal  messages  were  sent 
from  one  part  of  the  Allied  line  to  another.  The  secondary  of  a 
"  Bower  Buzzer  "  (weight  6  pounds  and  fifty  times  as  strong  as  a 
telephone  buzzer)  was  earthed  at  both  ends.  The  receiving  ampli- 
fier.was  likewise  earthed  at  two  points  about  200  yards  apart. 
The  nature  of  the  soil  determined  the  distance  over  which  sig- 
nals could  be  sent.  In  the  muddy  soil  of  Flanders  the  range  was 
2000  yards  under  conditions  for  which  the  range  on  the  Somme  was 
doubled.  The  reason  was  that  in  the  latter  region,  which  has  6 
feet  of  earth  with  chalk  beneath,  the  electric  currents  were  con- 
fined chiefly  to  a  surface  layer. 

From  August  to  November,  1918,  the  Royal  Engineers  erected 
326  standard  steel  bridges  and  213  bridges  of  heavy  timber  or 
salved  material  in  the  British  sector. 

G.  F.S. 

Destruction  of  Whales  by  Depth  Bombs.  {La  Nature,  Decem- 
ber 27,  1919.) — To  the  eye  of  an  observer  in  an  aircraft  a  sub- 
marine and  a  whale  had  very  much  the  same  appearance 
provided  both  were  some  distance  below  the  surface  of  the  water. 
This  possibility  of  confusion  resulted  disastrously  to  whales  in 
three  cases  in  the  North  Sea  and  in  one  case  west  of  Ireland.  In 
three  cases  the  wounded  animal  came  to  the  surface.  In  the 
fourth  case  the  crew  of  the  dirigible  were  so  certain  of  their  con- 
clusions that  they  announced  by  wireless  that  they  had  destroyed 
a  submarine,  and  the  news  appeared  in  print.  To  their  discom- 
fiture the  mangled  body  of  a  whale  came  to  the  surface  somewhat 
later  in  the  presence  of  a  torpedo  boat. 

G.  F.  S. 
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A  Continuous  Process  for  Electrolytic  Regeneration  of 
Chromic  Acid  is  described  by  Ralph  H.  McKee  and  Siioo  Tze 
Leo  of  Columbia  University  in  the  Journal  of  Industrial  and  Engi- 
neering Chemistry,  1920,.  xii,  16-26.  The  cell  contains  a  porous 
diaphragm  and  lead  electrodes.  The  fresh  waste  liquor  containing 
chromic  salts  is  fed  directly  into  the  bottom  of  the  rectangular  cell 
at  one  end  of  the  inner  or  cathode  chamber  and  overfloAvs  through 
an  orifice  at  the  other  end  of  the  same  chamber  into  the  outer  or 
anode  chamber,  in  which  the  level  of  the  electrolyte  is  kept  slightly 
lower.  The  finished  product  is  drawn  off  at  the  opposite  end  of  the 
anode  chamber  by  a  siphon  or  overflow.  The  best  results  were  ob- 
tained when  the  current  density  was  from  0.5  to  2  amperes  per 
square  decimeter  of  anode  surface.  The  yield  was  best  at  room  tem- 
perature, poorer  at  both  10°  C.  and  55°  C.  A  decrease  in  the  size 
of  the  cathode  for  the  same  anode  did  not  make  any  appreciable 
difference.  The  waste  liquor  was  passed  through  a  sand  filter  2 
inches  deep  before  entering  the  cell.  Further  preliminary  treatment 
was  unnecessary ;  the  electric  current  destroyed  all  organic  com- 
pounds present  in  the  liquor.  The  chromic  acid  content  of  the  prod- 
uct was  up  to  commercial  standard.  Approximately  3  kilowatt 
hours  of  electric  energy  were  required  for  each  pound  of  chromic 
acid  regenerated.  The  saving  of  sulphuric  acid,  which  is  also  re- 
generated in  the  process  without  additional  cost,  amounted  to  almost 
as  much  as  the  cost  of  the  electric  energy^  required  to  regenerate 
the  chromic  acid.  J.  S.  H. 

Power  from  the  Sun.  A.  A.  Campbell  Swinton.  (La  Nature, 
December  18,  1919.) — The  power  derivable  from  the  sunlight  inci- 
dent on  the  earth  amounts  to  about  4,000,000  horsepower  per  square 
mile  in  certain  latitudes,  or  in  Great  Britain  to  1000  horsepower  per 
acre  during  daylight.  The  author  has  little  hope  for  utilizing  much 
of  this  incident  power  by  the  heat  engine  or  by  processes  of 
vegetable  growth.  Solar  radiation  consists  of  electro-magnetic 
waves  similar  to  the  waves  employed  in  wireless  telegraphy, 
except  that  the  latter  are  vastly  longer.  By  thermionic  or  crystal 
rectifiers  it  is  possible  to  get  imi-dircctional  currents  of  electricity 
from  the  waves  of  wireless  telegraphy.  Mr.  Swinton  raises  the 
question  whether  by  the  use  of  suitable  devices  the  shorter  waves 
of  the  solar  radiation  cannot  be  made  likewise  to  give  rise  to 
electric  currents. 

G.  F.  S. 
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OxE  of  the  most  awe-inspiring  mysteries  which  the  mind  of 
man  can  contemplate  is  the  power  possessed  by  a  tiny  mass  of 
matter,  the  fertihzed  egg,  to  develop  in  a  harmonious  manner 
into  a  composite  structure  containing  tissues  and  organs  with 
highly  specialized  functions.  Then  there  follows  in  all  higher 
animals  a  period  of  growth  during  which  the  most  marked  change 
is  an  increase  in  size,  but  during  which  there  are  minor  changes 
in  form  and  structure.  No  less  mysterious  is  the  power  of 
living  matter  to  take  from  its  surroundings  food  material  of  a 
lower  grade  of  organization  than  itself,  and  while  undergoing 
continuous  destruction  through  hydrolysis  and  oxidation,  to 
utilize  this  food  for  rebuilding  its  structures  and  maintaining  its 
functional  capacity  unimpaired. 

The  full-grown  man  or  animal  enjoys  a  period,  which  varies 
greatly  in  length  in  different  species,  during  which  there  is  no 
observable  decrease  in  physical  power.  Ultimately,  however,  the 
functional  capacity  of  the  tissues  diminishes  and  there  sets  in  a 
period  of  involution  which  is  accompanied  by  changes  which  we 
recognize  as  characteristic  of  old  age. 

It  is  a  matter  of  common  observation  that  the  different  types 

*  Presented  at  a  joint  meeting  of  the  Section  of  Physics  and  Chemistry  and 
the  Philadelphia  Section,  American  Chemical  Society,  held  Thursday,  Novem- 
ber 13,  1919. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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and  races  of  man,  living  in  different  parts  of  the  world  and  sub- 
jected to  widely  different  climate,  and  engaged  in  unlike  pursuits 
in  order  to  gain  a  livelihood,  are  not  all  equals  either  physically 
or  mentally.  Herbert  Spencer  once  said  that  "  to  be  a  nation 
of  '  good  animals  '  is  the  first  condition  to  national  prosperity." 
We  can  all  readily  accept  this  view,  but  on  reflection  would 
agree  with  Lord  Rosebery  that  "  an  empire  is  but  little  use 
without  an  imperial  race." 

Various  attempts  have  been  made  to  account  for  the  differ- 
ences in  achievement  of  man  in  the  several  parts  of  the  world. 
Some  investigators  regard  race  as  the  most  important  factor, 
and  believe  that  certain  races  are  naturally  inferior  to  others. 
Huntington  of  Yale  University  attributes  to  climate  the  most 
important  role  in  determining  the  efficiency  of  man  in  the  several 
regions  of  the  world.  Numerous  authors  have  emphasized  the 
importance  of  a  satisfactory  diet  for  the  maintenance  of  health 
and  of  physical  fitness,  which  all  agree  forms  the  fundamental 
basis  of  achievement.  No  one  up  to  the  present  time  has,  how- 
ever, been  able  to  make  a  very  strong  case  in  favor  of  nutrition 
as  a  factor.  This  is  witnessed  by  the  number  of  dietary  systems 
and  fads  which  have  been  offered  to  the  public.  While  one 
enthusiast  extols  the  virtues  of  abstemiousness,  another  warns 
against  it  and  points  to  the  high  meat  consumption  of  the  suc- 
cessful nations  of  the  earth.  While  thousands  of  dyspeptics 
adopt  vegetarianism,  others  explain  the  remarkable  health  of 
centenarians  as  due  to  the  bacillus  of  sour  milk. 

The  general  public  becomes  suspicious  when  approached  by  a 
multiplicity  of  counsellors  seeking  favorable  consideration  when 
the  character  of  their  advice  is  bewildering.  The  trouble  lies  in 
the  lack  of  definite  and  accurate  knowledge  concerning  the  chem- 
istry of  nutrition  which  has  prevailed  until  very  recent  times. 
While  many  of  the  wisest  philosophers  would  agree  with  the 
statement  expressed  editorially  by  the  British  Medical  Journal 
in  1904,  "The  study  of  dietetics  should  be  looked  u])on  as  very 
nearly  if  not  quite  as  important  as  the  study  of  thcra])eutics," 
much  disagreement  would,  nevertheless,  be  encountered  in  their 
views  as  to  the  best  dietary  habits  to  adopt.  Fortunately  chcm- 
istrv  has  conic  to  rescue  dietetics  from  its  state  of  cmi)iricism. 
Tn  (he  hands  of  the  chemist  new  methods  of  experimentation 
have  l)C'('ii  developed  which  have  made  possible  the  solution  of 
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problems  of  detail  which  were  not  dreamed  of  in  the  philosophy 
of  dietitians.  Before  discussing-  the  relation  of  the  diet  of  man 
to  his  well-being  and  efficiency  I  want  to  explain  the  simple 
procedure  which  has  brought  order  out  of  chaos  in  the  field 
of  nutrition. 

The  best  chemical  analysis  of  a  food-stuff  which  the  chemist 
is  able  to  make  determines  the  amounts  of  protein,  carbohy- 
drate (starches  and  sugars),  fats  and  oils  and  mineral  salts  which 
it  contains.  For  more  than  thirteen  years  it  has  been  known, 
however,  that  when  a  mixture  of  this  list  of  substances,  each 
carefully  purified,  is  fed  to  a  young  animal  the  latter  cannot 
grow  or  long  remain  alive.  The  reason  for  this  was  very  diffi- 
cult to  ascertain,  for  it  is  due  to  the  lack  of  certain  substances 
of  a  moderately  unstable  nature,  the  existence  of  which  was  not 
suspected.  Certain  species  of  animal,  as  the  rat,  appear  to 
require,  in  addition  to  the  long-recognized  dietary  complexes, 
but  two  of  the  unidentified  dietary  essentials.  The  most  common 
designation  of  these  is  perhaps  the  term  "  vitamine,"  which 
includes  fat-soluble  A  and  water-soluble  B.  No  less  than  twenty- 
five  names  have  been  invented  for  these  substances.  Other 
species  of  animals,  such  as  man,  guinea-pig  and  monkey,  require 
three,  the  additional  one  being  called  water-soluble  C.  These 
terms  have  been  applied  provisionally  pending  the  discovery  of 
the  chemical  natures  of  these  interesting  substances. 

Modern  research  has  shown  that  there  are  very  great 
differences  in  the  biological  values  of  the  proteins  from  different 
sources.  This  difference  depends  on  the  fact  that  the  proteins 
in  different  food-stuffs  yield  varying  amounts  of  the  amino-acids 
or  digestion  products.  If  the  yield  of  the  several  amino-acids  is 
such  as  to  make  possible  the  efficient  transformation  of  food 
proteins  into  tissue  proteins  the  proteins  have  a  high  value.  If, 
however,  one  or  more  of  the  amino-acids  is  present  in  such  small 
amounts  as  to  make  it  impossible  to  utilize  the  more  abundant 
amino-acids,  they  form  the  limiting  factor  which  determines  the 
value  of  the  protein  in  nutrition.  Many  of  these  digestion  prod- 
ucts are  certainly  indispensable  in  the  diet,  since  they  cannot  be 
synthetically  produced  within  the  tissues.  In  considering  the 
value  of  a  natural  food-stuff  or  of  a  diet  consisting  of  a  variety 
of  substances,  the  idea  of  quality  of  protein  enters  into  the 
calculations  of  the  dietitian  of  to-day. 
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It  has  been  abundantly  demonstrated  that  the  mammal  requires 
for  satisfactory  nutrition  nine  mineral  elements  in  addition  to 
the  essential  organic  complexes,  in  order  that  its  diet  may  be 
adequate.  These  are  calcium,  magnesium,  sodium,  potassium, 
chlorine,  phosphorus,  sulphur,  iron  and  iodine.  These  can  be 
supplied  in  the  form  of  inorganic  salts  except  in  the  case  of  sul- 
phur which  must  be  contained  in  the  diet  in  the  form  of  the 
sulphurized  amino-acid  cystine.  It  is  doubtful  if  there  is  an  order 
of  relative  importance  among  these,  for  it  appears  that  all  are 
indispensable.  There  must  be  present  in  the  diet  either  glucose 
or  a  carbohydrate  which  can  be  converted  into  glucose  in  the  body. 
Cane  sugar,  glucose,  beet  sugar  and  the  starches  serve  this  purpose. 

It  seems  highly  probable  that  fats  and  substances  closely 
related  chemically  to  the  fats  are  entirely  dispensable  in  the  diet. 
Up  to  the  present  time  it  has  not  been  found  possible  to  properly 
nourish  an  animal  with  a  diet  free  from  this  class  of  compounds 
because  one  of  the  unidentified  dietary  essentials  is  associated 
only  with  certain  fats.  Therefore,  in  working  with  a  diet  made 
up  of  purified  food-stuffs  it  has  been  necessary  in  every  case  to 
add  one  of  these  fats,  not  because  of  the  fat  itself,  but  because 
of  the  presence  of  an  unknown  substance  (fat-soluble  A)  which 
is  contained  in  it. 

It  will  be  interesting  to  inquire  about  the  distribution  of  the 
three  unknown  substances  which  the  diet  must  contain.  The 
substance  fat-soluble  A  is  found  in  butter  fat  and  egg  yolk  fats, 
and  in  the  fats  from  the  interior  of  the  cells  of  the  glandular 
organs  of  animals  (e.g.,  the  liver,  the  kidney)  in  greater  abun- 
dance than  in  any  other  foods.  The  next  foods  in  importance 
as  a  source  of  it  are  the  leaves  of  plants.  The  seeds,  tubers  and 
fleshy  roots  are  relatively  poor  in  this  substance. 

The  water-soluble  B  dietary  factor  is  widely  distributed  among 
natural  food-stuffs.  The  only  foods  which  are  in  common  use 
which  are  lacking  in  it  are  polished  rice,  the  sugars  and  starches, 
and  the  fats  and  oils  from  both  animal  and  vegetable  sources. 
A  group  of  foods  which  are  very  poor  sources  of  it  are  white 
flour,  degerminated  corn  meal,  macaroni,  spaghetti,  and  other 
products  prepared  principally  from  bolted  wheat  flour.  All  whole 
seed  products,  tubers  and  fleshy  roots,  leafy  foods,  milk  and 
eggs  contain  it  in  relative  abundance.  Muscle  aits  of  meats  are 
very  poor  in  it,  but  the  glanrhilar  organs  contain  it  in  abundance. 
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The  water-soluble  C  is  abundant  only  in  fresh  vegetables, 
fruits  and  fresh  milk  from  cows  which  are  on  pasture.  Cooked 
and  dried  foods  have  in  great  measure  lost  their  peculiar  dietary- 
properties  with  respect  to  this  substance. 

The  effects  of  specific  starvation  for  one  or  another  of  these 
three  substances  are  of  special  interest.  Each  of  them  is  neces- 
sary in  the  diet  in  order  to  prevent  the  development  of  a  specific 
syndrome  which  we  call  collectively  deficiency  diseases. 

One  of  these,  which  is  caused  by  a  lack  of  fat-soluble  A  in 
the  diet,  is  characterized  by  a  change  in  the  eyes,  in  which  edema, 
inflammation,  and  in  some  cases  perforation,  are  the  most  impor- 
tant. Much  remains  to  be  learned  regarding  the  histology  and 
pathology  of  stan-ation  for  this  dietary  complex.  Without  it 
growth  is  impossible,  and  death  soon  supervenes.  There  is  much 
evidence  that  a  lack  of  a  sufficient  amount  of  fat-soluble  A  is  one 
of  the  factors  associated  with  the  etiology  of  rickets. 

A  lack,  either  relative  or  absolute,  of  the  second  dietary  factor 
of  unknown  chemical  nature,  water-soluble  B,  leads  to  the  devel- 
opment of  a  condition  of  polyneuritis  which  in  man  is  known 
as  beri-beri.  The  paralysis  is  the  most  striking  general  feature 
of  the  disease. 

The  third  of  the  dietary  complexes  under  consideration  is 
that  which  prevents  when  it  is  present  in  the  diet  the  develop- 
ment of  the  syndrome  of  scurvy.  It  is  the  least  stable  of  the 
three.     The  antineuritic  substance  is  the  most  stable. 

For  several  years  the  three  substances  just  discussed  have  in 
the  popular  mind  overshadowed  in  importance  the  long-recog- 
nized dietary  essentials.  It  should  be  emphasized  at  once  that 
there  is  no  basis  in  fact  for  considering  them  any  more  impor- 
tant than  the  proteins  or  than  any  one  of  the  essential  mineral 
elements.  All  are  indispensable  components  of  the  diet,  and  are, 
therefore,  of  essentially  equal  importance.  Any  appraisal  of  the 
quality  of  the  diet  must  include  a  consideration  of  the  quality  and 
quantity  of  protein;  the  content  of  each  of  the  necessary  mineral 
elements;  the  content  of  each  of  the  substances  which  are  con- 
cerned with  the  etiology  of  the  deficiency  diseases,  and  the  avail- 
ability of  its  carbohydrates. 

After  the  factors  which  operate  to  make  a  diet  complete  and 
satisfactory  were  appreciated,  a  series  of  studies  were  carried  out 
with  a  view  of  determining  the  nature  and  extent  of  the  dietary 
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shortcomings  of  each  of  the  more  important  of  our  natural  food- 
stuffs. In  the  hght  of  these  studies  it  has  become  possible  to 
make  certain  generalizations  which  are  of  far-reaching  importance 
in  the  nutrition  of  man  and  animals.  On  these  observations  is 
based  a  new  type  of  classification  of  the  vegetable  food-stuffs 
depending  on  the  function  of  the  part  of  the  plant  from  which 
they  are  derived. 

It  has  been  found  that  all  those  parts  of  plants  which  have 
the  functions  of  storage  tissues,  vis.,  the  seed,  tuber  and  fleshy 
root,  have  remarkably  similar  dietary  properties  and  similar 
shortcomings.  Notwithstanding  the  great  difference  between 
the  legume  seeds,  such  as  the  pea  and  bean  on  the  one  hand  and 
the  potato  or  turnip  on  the  other,  they  have  very  nearly  the  same 
dietary  values  in  certain  respects.  All  of  the  cereal  grains, 
legume  seeds,  tubers  and  edible  roots  are  deficient  in  some  degree 
in  at  least  three  dietary  factors.  All  contain  proteins  of  rela- 
tively poor  quality;  all  contain  too  little  of  certain  mineral  ele- 
ments, especially  calcium,  sodium  and  chlorine,  and  all  are 
deficient  in  fat-soluble  A. 

The  leaf  of  the  plant  possesses  very  different  dietary  proper- 
ties from  the  seed.  The  palatable  leaves  are  alone  a  complete  food 
for  those  types  of  animals  which  have  digestive  tracts  sufficiently 
capacious  to  enable  them  to  eat  a  sufficiently  large  amount  to 
meet  their  energy  requirements.  This  superiority  in  dietary 
properties  correlates  with  the  special  function  of  the  leaf  as  con- 
trasted with  the  storage  tissue,  as  the  seed,  tuber  or  root.  The 
leaf  consists  of  actively  functioning  protoplasm  supported  by 
skeletal  tissue.  It  is  the  seat  of  the  synthesis  of  proteins,  carbo- 
hydrate and  fats.  It  is  the  seat  of  active  respiration  and  meta- 
bolism. The  seed,  tuber  and  fleshy  root  represent  on  the  other 
hand  packages  of  reserve  food  materials,  with  few  living  ele- 
ments. In  general  the  structures  of  the  storage  tissues  do  not 
contain  all  the  complexes  necessary  for  the  construction  of  living 
protoplasm,  and  are  accordingly  incomplete  foods. 

A  similar  parallel  between  function  and  dietary  properties 
can  be  drawn  in  the  case  of  the  highly  specialized  muscle  tissue 
on  the  one  hand  and  the  actively  metabolizing  glandular  tissues 
on  the  other.  The  muscle  tissue  has  dietary  properties  almost 
identical  with  the  seed,  tuber  or  root  in  all  respects  except  its 
richness  in  protein.   It  lacks  sufficient  calcium,  sckHuiu  and  chlorine. 
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fat-soluble  A.  water-soluble  B.  and  water-soluble  C.  The  glandu- 
lar organs  such  as  the  liver  and  kidney  are  much  more  nearly  com- 
plete foods.  Indeed,  they  have  all  the  complexes  which  are 
essential  for  the  construction  of  living  tissue,  and  when  supple- 
mented with  a  carbohydrate,  such  as  starch,  approximate  much 
more  nearly  a  complete  food  than  would  a  similar  amount  of 
muscle  tissue  with  starch. 

Since  there  are  closely  similar  dietary  properties  in  the  stor- 
age tissues  of  plants  and  of  muscle  tissue  of  animals,  it  should 
be  expected  that  mixtures  of  these  even  in  considerable  numbers 
should  not  form  satisfactory  diets.  This  has  been  shown  in 
many  feeding  experiments  to  be  the  case.  Although  it  is  pos- 
sible for  a  young  animal  to  grow  on  a  seed,  tuber,  root  and  muscle 
cut  of  meat  diet,  its  growth  is  never  normal  in  rate  or  extent. 
It  will  always  be  stunted,  and  will  fall  below  the  normal  standard 
of  performance  in  reproduction  and  rearing  of  young,  and  in 
span  of  life. 

Consistently  unsatisfactory  results  have  been  secured  on  diets 
consisting  of  wheat  flour,  corn  meal,  rice,  peas,  beans,  potato, 
turnip,  beet,  rolled  oats  and  round  steak.  The  round  steak  was 
included  to  the  extent  of  ten  per  cent,  of  the  dry  matter  of  the  diet. 

This  leads  us  to  a  consideration  of  the  kinds  of  diets  which 
do  succeed  in  the  nutrition  of  animals.  In  a  very  extensive 
inquiry,  covering  twelve  years,  and  based  on  nearly  four  thou- 
sand feeding  experiments,  we  have  succeeded  in  nourishing  ani- 
mals in  an  approximately  normal  fashion  with  but  three  types 
of  diets. 

It  is  possible  to  so  select  carnivorous  foods  as  to  secure  a 
fairly  satisfactory  diet  entirely  derived  from  animal  tissues. 
Young  animals  cannot  grow  or  long  remain  in  health  when 
restricted  to  muscle  tissue  as  their  sole  food.  When  blood,  liver, 
kidney  and  other  glandular  tissues  are  selected,  together  with  a 
certain  amount  of  bone  substance,  the  food  supply  is  sufficiently 
good  to  lead  to  normal  development.  Muscle  tissue  must  be 
liberally  supplemented  with  blood  or  glandular  organs  and  bone 
to  make  possible  success  with  the  strictly  carnivorous  diet.  The 
carnivorous  diet  has  been  used  by  man  occasionally,  the  Eskimo 
and  some  American  Indians  being  examples. 

It  has  been  found  possible  to  supplement  the  seed,  tuber,  root 
and  muscle  meat  type  of  diet  with  liberal  amounts  of  the  leafy 
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vegetables  and  secure  a  fairly  satisfactory  diet.  This  requires 
a  liberal  supplementing  with  leaf  in  order  to  make  good  the 
deficiencies  of  the  remainder  of  the  diet.  This  type  of  diet  is 
common  among  the  Orientals. 

The  third  type  of  diet  which  succeeds  is  that  derived  from 
cereals,  legume  seeds,  tubers,  fleshy  roots,  with  or  without  meats, 
supplemented  with  liberal  amounts  of  milk.  Milk  is  so  con- 
stituted as  to  make  good  all  the  deficiencies  of  the  classes  of 
foods  just  enumerated. 

It  is  so  important  to  appreciate  the  special  qualities  of  the 
leafy  vegetables  and  milk  that  I  have  been  accustomed  to  desig- 
nate these  as  the  protective  foods.  They  are  protective  foods 
because  they  are  especially  rich  in  just  those  elements  and  com- 
plexes in  which  the  storage  tissues  of  plants  and  muscle  tissue 
are  poor. 

We  will  now  turn  our  attention  to  the  application  of  the  facts 
discovered  through  animal  experimentation  to  human  problems. 
On  careful  consideration  it  strikes  one  that  the  more  advanced 
peoples  of  the  world  are  those  who  live  on  the  vegetable  and  meat 
diet  supplemented  with  milk  and  its  products.  The  second  class 
in  respect  to  advancement  and  aggressiveness  are  those  which 
eat  liberally  of  the  leafy  vegetables.  All  strictly  carnivorous  men 
live  in  climates  which  preclude  the  development  of  any  high  degree 
of  civilization.  They  have  nothing  to  strive  for  further  than 
food,  shelter,  and  clothing,  and  do  not  accumulate  much  property. 

There  can  be  no  doubt  that  there  are  carnivorous  animals, 
such  as  the  lion,  tiger  and  jaguar,  which  live  in  the  hottest  parts 
of  the  world,  yet  represent  some  of  the  best  examples  of  physical 
development  in  the  animal  kingdom.  Neither  the  heat,  monotony 
of  high  temperature,  humidity  or  aridity  can  be  said  to  inter- 
fere with  physical  development. 

The  tiger  thrives  in  the  wet  estuaries  of  Bengal,  and  the  jaguar 
in  the  hot  and  sultry  forests  of  Brazil.  The  lion  is  equally 
vigorous  on  a  margin  of  the  desert.  We  can  find  no  evidence 
that  climate  is  a  factor  of  any  appreciable  importance  in  the  devel- 
ment  of  lower  animals  so  far  as  physical  well-being  is  concerned. 

Huntington  has  made  a  very  plausible  case  for  climate  as  the 
most  important  factor  in  determining  the  efficiency  of  man  in 
the  different  regions  of  the  world.  He  points  out  that  the  changes 
in  the  condition  of  the  weather  so  characteristic  of  the  northern 
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parts  of  the  United  States  and  lower  Canada  in  the  western 
hemisphere,  and  of  England,  northern  France,  Holland,  southern 
Germany,  etc.,  are  the  ideal  conditions  for  stimulating  effort, 
both  physical  and  mental.  This  assertion  he  bases  upon  careful 
obsers'ations  on  the  amount  of  work  of  several  kinds  which 
workers  accomplish  in  climates  varying  from  that  of  Connecticut 
to  Florida.  Temperature  he  tinds  to  be  the  important  factor  in 
determining  the  aggressiveness  and  ambition  of  the  individual. 
The  farther  south  the  more  uniformly  warm  it  is,  and  the  more 
the  climate  departs  from  the  typical  cyclonic  stormy  type  so 
characteristic  of  the  northern  states  of  England. 

Huntington  further  correlates  the  character  of  the  climate 
of  Europe,  Asia,  Africa,  and  North  and  South  America,  with  the 
state  of  advancement  of  their  peoples,  and  finds  a  remarkable 
relationship  between  them.  Monotony  of  climate  over  long  inter- 
vals is  said  to  be  detrimental  to  achievement.  He  eliminates 
race  as  an  important  factor  in  determining  the  problem  by  point- 
ing among  other  illustrations  to  the  condition  of  the  white  people 
of  the  Bahamas,  who  are  the  descendants  of  virile  Southern 
settlers,  as  contrasted  w'ith  that  of  other  loyalists  who  at  the  time 
of  the  revolution  emigrated  to  Canada.  The  former  have  degen- 
erated into  "poor  w^hites  "  who  are  too  proud  to  work  at  menial 
labor  in  competition  with  the  negro,  and  too  shiftless  to  compete 
with  him  successfully.  The  latter  are  among  the  most  prosper- 
ous and  progressive  citizens  of  one  of  the  finest  examples  of  a 
commonwealth  in  the  world. 

Huntington  sees  no  great  hope  for  the  future  of  civilization 
in  Asia,  Africa  or  South  America,  because  the  white  man,  who 
is  regarded  as  superior  to  the  other  races,  degenerates  in  their 
ener^-ating  climates.  The  view  is  held  that  w^hen  the  white  man 
migrates  to  climates  less  stimulating  than  those  of  his  original 
home,  he  appears  to  lose  both  physical  and  mental  energy.  If 
it  is  true  that  under  such  influences  man  becomes  careless  of 
sanitation  and  of  food,  and  thus  secondarily  becomes  susceptible 
to  diseases,  then  indeed  there  is  little  reason  to  hope  that  the 
dream  of  the  hygienist  can  be  realized  that  the  tropics  can 
ultimately  be  made  the  abode  of  a  cultured  population. 

Plausible  as  is  the  correlation  between  climate  and  civiliza- 
tion which  Huntington  has  constructed,  it  seems  to  me  that  an- 
other interpretation  can  be  placed  on  all  the  data  which  he  presents. 
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which  in  the  Hght  of  what  we  now  know  about  the  effects  of 
diet  on  health  will  come  nearer  the  truth.  In  order  to  appreciate 
the  importance  of  diet  on  the  welfare  of  nations  we  should  con- 
sider for  a  moment  the  effects  of  certain  types  of  faulty  nutrition 
on  the  life  history  of  experimental  animals. 

When  a  full-grown  animal  such  as  a  rat  is  placed  on  a  diet 
of  seeds,  tubers,  fieshy  roots  and  muscle  meats,  it  begins  to  hurry 
through  its  span  of  life,  developing  the  characteristics  of  old  age 
at  a  rate  double  or  more  the  rate  observed  in  a  well-nourished 
animal.  It  does  not  succeed  well  with  the  nutrition  of  its  off- 
spring, and  dies  at  a  fairly  early  age.  The  young,  if  restricted 
to  the  diet  of  the  parents,  are  never  their  equal  physically,  have 
poor  success  with  their  young,  Hz'e  much  less  long  than  the 
species  is  capable  of,  and  are  subject  to  infections  and  abnor- 
malities in  a  degree  unknown  in  their  ancestors.  With  each  suc- 
ceeding generation  weaklings  predominate,  and  the  strain  dies 
out  within  a  few  generations. 

If  we  apply  to  the  natives  of  the  Bahamas  the  test  of  nutri- 
tion we  find  that  the  diet  is  of  such  a  character  as  to  account 
for  degeneration  in  considerable  degree  within  the  period  since 
the  islands  were  settled  by  loyal  Tories  who  were  not  willing 
to  live  under  the  Stars  and  Stripes.  During  this  period  they 
have  depended  for  their  food  supply  largely  on  citrus  fruits, 
pomegranates, pineapples,  bananas,  melons,  yams,  potatoes,  guinea 
corn  and  peas.  This  it  will  be  noted  is  a  list  consisting  of  fruits 
and  other  storage  tissues  of  plants.  It  has  been  supplemented 
with  a  certain  amount  of  animal  foods,  principally  fish,  although 
some  muscle  meats  from  mammals  have  been  eaten.  This  type 
of  diet  it  will  be  remembered  is  unsatisfactory  for  the  nutrition 
of  an  animal  over  many  generations,  and  leads  to  deterioration 
in  the  stock.     This  is  the  condition  found  in  the  Bahamas. 

On  the  other  hand  the  people  of  Canada  have  lived  essentially 
on  the  same  type  of  diet  as  that  employed  in  the  northern  United 
States.  It  includes  all  the  products  of  field  and  garden  with 
which  we  are  familiar,  together  with  meats  in  liberal  amounts  and 
dairy  products  in  moderate  quantities.  The  latter  is  the  kind  of 
diet  which  suppcjrts  the  civilization  of  F.ngland,  and  also  the  most 
progressive  European  countries  as  well  as  that  of  the  northern 
United  States  and  all  other  ])arts  of  the  world  which  have  been 
peopled  by  colonization  from  luiropean  stock,  wherever  the  cli- 
mate will  permit. 
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Another  example  of  the  failure  of  health  of  European  people 
largely  as  the  result  of  restricted  diet  improperly  selected  is 
found  in  Newfoundland  and  Labrador.  There  occurs  in  both 
these  districts  the  deficiency  disease  beri-beri,  which  is  caused  by 
lack  of  a  sufficient  amount  of  the  dietary  essential  water-soluble 
B.  The  disease  is  the  same  that  is  seen  so  frequently  among  the 
poor  laboring  classes  of  the  Orient  who  subsist  largely  on  a  diet 
of  polished  rice  and  fish  with  a  few  vegetables.  The  diet  in 
Newfoundland  consists,  according  to  Dr.  Little,  of  bread  made 
from  bolted  wheat  flour,  tea,  fish  and  salt  meats,  and  raisins.  A 
similar  food  supply  is  all  that  is  available  in  Labrador. 

There  seems  good  reason  to  believe  that  a  second  deficiency 
disease  actually  occurs  among  the  people  of  both  these  regions  as 
the  result  of  their  restricted  and  faulty  diet.  I  refer  to  a  condi- 
tion popularly  called  night  blindness,  which  is  common  espe- 
cially among  men  who  are  out  at  sea  for  a  considerable  period 
and  are  subjected  to  a  fare  of  poorer  quality  than  that  obtainable 
at  home.  I  cannot  affirm  that  it  is  demonstrated  that  this  is 
incipient'  xerophthalmia  due  to  a  lack  of  the  unknown  dietary 
complex  found  most  abundantly  in  butter  fat  and  a  few  other 
fats,  but  there  is  good  reason  to  believe  that  it  is.  Night  blind- 
ness occurs  among  men  in  lumber  camps  in  Canada  and  else- 
where, and  the  popular  local  remedy  is  to  feed  the  patient  milk 
or  cheese.  Prompt  recovery  is  said  to  follow  this  modification 
of  the  diet.  In  these  camps  the  food  supply  is  frequently  limited 
to  bread,  salt  or  canned  meats  ind  peas  or  beans  for  considerable 
periods.  This  again  is  a  seed  and  meat  diet  and  has  been  found 
to  be  unsatisfactory  for  animals  and  for  man.  The  same  condi- 
tion appears  to  be  occasionally  met  with  in  Japan,  and  is  not 
uncommon  in  parts  of  India.  In  both  of  these  countries  the 
popular  remedy  is  the  free  use  of  liver  as  a  food,  and  in  India  it 
is  recommended  that  a  poultice  of  liver  be  applied  to  the  eyes 
as  well.  It  is  safe  to  say  that  it  is  the  consumption  of  the  glandu- 
lar tissue  that  results  in  benefit  to  the  eyes  of  the  sufiferer.  In 
Japan  eel  fat  and  chicken  livers  enjoy  the  reputation  of  being 
efficacious  in  the  cure  of  xerophthalmia.  Night  blindness  is 
reported  to  be  met  with  in  Russia  somewhat  commonly  during 
the  latter  part  of  the  Lenten  fast.  During  this  period  the  people 
restrict  their  diet  largely  to-  cereals,  and  fail  to  secure  enough  of 
the  dietar>'  factor  which  is  concerned  with  the  deterioration  of 
the  eyes. 
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According-  to  the  views  of  those  who  believe  that  cHmate  in 
itself  is  the  chief  factor  in  determining  the  progressiveness  of 
a  people,  it  will  never  be  possible  for  a  people  in  central  Asia 
to  develop  a  high  state  of  civilization.  It  seems  worth  while 
to  examine  into  the  validity  of  this  conclusion,  and  in  doing  so 
we  must  make  it  clear  what  conditions  we  accept  as  a  funda- 
mental basis  of  civilization.  If  physical  well-being  as  exempli- 
fied in  excellent  development,  together  with  courage  and  energy, 
be  the  first  requisite,  we  have  had  in  the  past  and  have  now 
some  notable  examples  of  it  among  the  central  Asian  tribes. 
It  is  necessary,  however,  in  order  that  a  high  degree  of  civili- 
zation shall  be  reached,  that  a  relatively  high  stage  of  mental 
development,  together  with  both  social  and  political  fixity,  shall 
be  attained. 

Of  fundamental  importance  for  the  development  of  a  highly 
organized  society  and  a  state  of  advanced  civilization  is  the 
right  kind  of  religion,  since  this  determines  the  mental  attitude 
of  the  individual  toward  his  associates,  his  neighbors,  and  his 
own  destiny. 

The  Mongol  hordes  of  central  Asia  in  the  thirteenth  to  the 
sixteenth  centuries  overran  and  conquered  much  of  western  Asia 
and  Europe  as  far  westward  as  the  boundary  of  Austria-Hungary. 
Eastward  they  overran  a  large  part  of  China,  and  to  the  north 
they  were  for  generations  a  thorn  in  the  side  of  the  Russians. 
These  Mongols,  who  played  so  prominent  a  part  in  history,  were 
typical  representatives  of  the  sour  milk  drinkers  so  common 
among  the  pastoral  people  of  all  parts  of  Asia  and  eastern  Europe. 
At  the  present  time  the  natives  of  northwest  Mongolia  have 
many  cattle,  sheep,  horses  and  camels,  and  derive  their  susten- 
ance almost  entirely  from  their  flocks  and  herds.  The  Mongols 
had  all  the  elements  necessary  for  the  creation  of  a  high  develop- 
ent  of  civilization  except  the  mental  attitude  toward  society  which 
would  permit  them  to  respect  the  personal  and  property  rights 
of  others.  They  had  not  the  sense  of  honor  and  the  appreciation 
of  the  ethical  relations  between  man  and  man  which  are  neces- 
sary for  the  establishment  of  a  stable  society  based  on  law  and 
order  and  governed  in  the  interests  of  the  people.  Such  govern- 
ments had  not  at  that  time  gained  popularity  anywhere  in  the 
world.  The  frame  of  mind  which  makes  possible  these  things 
can  be  attained  only  through  the  establishment  of  the  best  sys- 
tem of  religion.     Climate  had  nothing  to  do  with  these. 


April,  1920.]      NUTRITIOX  AND  PHYSICAL  EFFICIENCY.  433 

The  ancestors  of  the  present  Turks  were  Hkewise  a  pastoral 
people  and  were  sour  milk  drinkers.  This  constitutent  of  their 
diet  would  alone  suffice  to  make  it  highly  satisfactory,  and  to 
insure,  in  the  absence  of  contagious  or  of  insect-born  diseases,  an 
excellent  physical  development.  Such  a  development  is  the 
essential  basis  of  military  ambition  and  success,  and  was  possessed 
by  both  the  Mongols  and  the  Turks. 

The  Arab  of  to-day  is  an  example  of  the  effects  of  a  diet  in 
which  sour  milk  finds  a  prominent  place.  He  is  described  by  all 
modern  writers  as  singularly  handsome,  tall  and  lithe,  with  beau- 
tifully moulded  limbs.  Dwarfs,  hunchbacks  and  misshapen  per- 
sons are  seldom  seen  in  Arabia.  Few  races  of  humanity  excel  the 
Arab  either  physically  or  morally.  The  Arab  derives  his  susten- 
ance in  great  measure  from  his  animals  and  milk.  Most  of  the 
milk  is  soured,  but  this  forms  the  most  prominent  constitutent 
of  his  diet.  In  fact,  under  the  name  sheneena,  leben,  yoghourt, 
keffir.  koumiss,  matzoon  and  dadhi,  soured  milks  have  been  used 
from  earliest  times  very  extensively  over  a  large  part  of  central 
Asia  as  well  as  Egypt,  Palestine,  Arabia,  Turkey  and  the  Balkan 
States.  Wherever  fermented  milks  are  extensively  used  as  food 
the  physical  development  of  the  people  is  unusually  good,  and 
the  length  of  life  exceptionally  long  in  many  instances. 

Almost  everyone  is  familiar  with  the  conclusions  of  the  fa- 
mous Russian  bacteriologist  Metchinkoff,  that  the  remarkable 
number  of  centenarians  among  the  Bulgarian  peasantry  was  the 
result  of  the  ingestion  of  sour  milk.  Metchinkofif  believed  that 
the  remarkable  results  of  the  regular  use  of  their  simple  diet 
was  due  to  the  lactic  acid  producing  organism  which  causes  the 
souring  of  the  milk.  Its  beneficial  effects  he  attributed  to  the 
production  of  lactic  acid  by  this  organism  in  the  intestine,  and 
the  inhibition  of  the  growth  of  the  harmful  putrefactive  organ- 
isms which  develop  there  in  the  residues  of  protein  rich  foods. 
He  attributed  the  early  aging  of  mankind  and  of  animals  to  the 
absorption  of  these  toxic  products. 

It  is  of  more  than  ordinary  interest  that  the  most  modern 
investigations  in  the  field  of  nutrition,  carried  out  by  methods 
which  far  surpass  those  of  the  past  in  scientific  accuracy,  support 
his  observations  in  a  general  way  as  regards  the  beneficial  effects 
of  the  diet  of  the  people  he  observed,  but  detract  from  the  impor- 
tance of  the  organism  which  the  milk  contains.     It  is  the  correc- 
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tion  of  the  deficiencies  of  the  types  of  diet  which  consist  mainly 
of  seed  products,  tubers  or  fleshy  roots  and  muscle  meats,  by  the 
inclusion  of  the  protective  food  milk,  which  accomplishes  the 
result  of  greatly  improving  health  and  increasing  vigor.  The 
bacteria  in  the  milk  are  of  secondary  importance. 

It  is  significant  also  that  the  Chinese  peoples,  while  possess- 
ing a  civilization  of  great  antiquity,  have  lacked  certain  qualities 
which  are  necessary  for  the  formation  of  a  great  nation.  They 
were  overrun  by  successive  waves  of  invaders  from  the  north- 
west during  many  centuries.  The  Chinese  peoples  have  lived 
during  all  of  their  history  on  a  diet  derived  from  cereals,  legume 
seeds,  tubers,  fleshy  roots  and  meats,  together  with  a  liberal 
addition  of  green  leafy  vegetables  and  some  eggs.  The  widespread 
practice  of  sprouting  grains  preliminary  to  their  use  as  human 
foods  is  justified  by  the  results  of  modern  science.  The  con- 
sumption of  a  large  amount  of  leafy  foods  has,  I  believe,  been 
a  factor  of  the  greatest  importance  in  promoting  their  well-being, 
for,  as  has  been  already  mentioned,  the  leaf  of  the  plant  possesses 
dietary  properties  very  different  from  those  of  the  seed  or  other 
storage  organ,  and  these  special  properties  are  just  those  which 
are  necessary  to  correct  the  deficiencies  of  the  seed,  tuber,  root  or 
muscle  meats.  It  is  perhaps  significant  in  this  connection  that 
the  Chinese  have,  on  their  diet  in  which  the  leaf  was  almost  the 
sole  protective  food,  been  unable  to  cope  with  their  sour  milk- 
•drinking  neighbors  to  the  northwest.  The  descendants  of  these 
waves  of  invaders  still  live  in  China,  forming  classes  which  have 
never  been  assimilated  socially. 

Huntington  believes  that  the  climate  of  China  is  not  of  a 
nature  which  can  make  possible  the  development  of  a  highly 
progressive  race.  This  does  not  seem  justified  without  taking 
into  account  certain  other  factors  which  are  of  importance  in  this 
connection.  We  must  agree  upon  what  conditions  are  essential 
to  the  development  of  a  high  state  of  civilization  before  we  can 
agree  upon  other  points. 

In  a  sparsely  settled  country,  where  the  care  of  flocks  and 
herds  is  the  only  means  of  livelihood,  as  is  the  case  over  large 
areas  of  Asia,  pasturage  and  water  are  likely  to  be  greatly  prized, 
and  the  rights  to  them  sharply  contested.  Enmity  between  neigh- 
bors, lack  of  education,  and  the  consequent  lack  of  opportunity 
to  gain  ideas  from  others  through  reading,  lack  of  incentive  to 
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do  anything  other  than  seek  the  protection  of  the  animals  which 
contribute  to  the  comfort  of  man,  are  themselves  reasons  enough 
to  account  for  the  lack  of  development  of  a  high  state  of  civiliza- 
tion. The  climate  need  not  necessarily  be  responsible  for  the 
result.  The  energy-  and  aggressiveness  of  peoples  who  have 
dwelt  in  such  regions  have  been  repeatedly  exhibited  in  wars  of 
conquest.  They  have  the  physical  development  and  intelligence 
necessary  to  form  the  basis  of  a  civilization,  provided  the  neces- 
sary conditions  for  its  growth  were  existent. 

It  is  necessary,  in  order  that  a  civilization  may  develop,  that 
food,  shelter,  clothing,  and  other  comforts  of  life  shall  be  ob- 
tainable without  too  great  a  drain  on  the  physical  resources  of 
man.  There  are  several  reasons  why  these  conditions  are  best 
fulfilled  in  the  cooler  parts  of  the  temperate  zones  where  the  rain- 
fall is  most  satisfactory  for  the  growth  of  farm  crops. 

One  of  these  conditions  is  that  the  winter  in  these  regions 
destroys  certain  insects  which  would  otherwise  destroy  the  crops. 
Certain  disease-transmitting  organisms,  such  as  the  cattle  tick 
and  the  tsetse-fly,  which  bear  respectively  the  Texas  fever  and 
the  sleeping-sickness,  do  not  survive  the  northern  winters,  and 
the  population  in  these  regions  enjoy  freedom  from  these  dis- 
eases. Cold  winters  limit  the  number  of  species  of  weeds  and 
other  obnoxious  plants,  and  render  the  production  of  useful  crops 
less  laborious.  These  are  factors  of  the  greatest  importance  to 
agriculture  and  to  the  well-being  of  man. 

Wherever  insect  life,  such  as  the  destructive  ants  of  tropical 
forests  or  myriads  of  mosquitoes  and  other  insects,  detract  from 
the  comfort  of  man,  and  where  rank  vegetation  renders  futile  his 
efiForts  at  clearing  ground  for  cultivation,  and  where  diseases  de- 
stroy his  domestic  animals,  and  place  in  his  own  blood  disease- 
producing  organisms  which  rob  him  of  his  vitality  and  ambition, 
man  must  have  recourse  to  power  other  than  his  own  strength 
to  overcome  his  obstacles.  If  we  give  him  the  aid  of  machinery 
and  control  over  suitable  sources  of  power  to  free  him  from  his 
crushing  burdens,  and  the  aid  of  science  to  free  him  from  the 
scourge  of  disease,  and  a  diet  which  causes  him  to  develop  a 
high  state  of  physical  perfection,  then  we  may  confidently  expect 
of  him  any  development  of  mental  traits  consistent  with  his 
heredity.  It  is  the  aim  of  those  who  direct  the  great  agencies 
for  the  promotion  of  hygiene  and  public  health  to  bring  to  the 
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inhabitants  of  the  tropics  these  blessings.  They  have  faith  that 
these  inhospitable  regions  can  ultimately  be  made  the  seats  of 
creditable  human  societies.  Not  until  all  of  these  problems 
have  been  solved  will  man  succeed  in  the  less  hospitable  parts 
of  the  world. 

One  not  infrequently  sees  in  discussions  of  this  nature  the 
statement  that  in  the  warm  regions  of  the  world,  where  food 
is  easily  obtainable,  and  little  shelter  or  clothing  is  necessary 
to  the  comfort  of  man,  he  sinks  into  indolence,  and  remains  in 
a  state  of  ignorance  and  degeneracy.  It  is  urged  that  only  in 
such  a  climate  as  necessitates  exertion  and  foresight  during  the 
summer  in  order  to  provide  food,  shelter  and  clothing  with  which 
to  pass  a  severe  winter  in  comfort,  will  man  develop  in  a  satis- 
factory way  the  higher  virtues  of  civilization.  The  theory  has 
been  postulated  that  energy,  aggressiveness,  frugality,  foresight, 
inventiveness,  solicitude  for  dependents,  respect  for  property 
rights  and  the  other  virtues  of  man  in  his  most  highly  advanced 
condition,  are  best  fostered  in  a  climate  which  ofifers  vicissitudes, 
and  requires  that  the  life  of  the  individual  shall  be  a  struggle 
with  his  environment. 

We  are  also  told  by  others,  and  it  appears  logical,  that  so 
long  as  man  is  forced  to  spend  his  days  in  a  struggle  for  existence 
he  cannot  develop  his  higher  mental  qualities.  It  is  said  that  the 
creation  of  an  aristocratic  element  in  society,  whose  wants  are 
sup])lie(l  Ijy  the  labor  and  sacrifice  of  a  less  fortunate  group, 
establishes  the  ideal  condition  for  fostering  the  mental  growth 
which  comes  from  reflection  and  the  study  of  the  ideas  of  others. 

There  is  doubtless  an  element  of  truth  in  each  of  these  views 
regarding  the  conditions  under  which  man  will  best  develop  his 
mental  capacities.  Leisure  is  essential  to  certain  types  of  crea- 
tive thought.  Thought  is  stimulated  profoundly  through  dis- 
cussion, reading  and  observations  of  the  phenomena  of  nature. 
It  is  not  yet  demonstrated,  however,  that  such  creative  thought 
is  ])()ssible  or  probable  only  in  temperate  regions  where  there 
are   frequent  and  pronounced   changes  in  temperature. 

Let  us  now  return  to  the  relation  of  the  diet  to  physical 
efficiency.  We  have,  T  believe,  a  very  important  ])robletu  to 
solve  in  the  education  of  the  public  in  many  parts  of  the  United 
States  in  the  proper  selection  of  food.  There  are  large  numl:)ers 
of  people  who  are   living  too  largely   on   diets  derived  almost 
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exclusively  from  wheat  flour,  cornnieal  and  polished  rice,  all  of 
which  represent  the  poorest  parts  of  the  kernels  from  which 
they  are  manufactured,  together  with  tubers  such  as  the  potato 
and  sweet  potato,  and  edible  roots  such  as  the  beet  and  turnip, 
supplemented  with  muscle  cuts  of  meat.  This  type  of  diet  is 
not  satisfactory  for  the  nutrition  of  an  animal  unless  it  is 
supplemented  with  milk  or  the  leafy  vegetables  in  liberal  amounts. 
Of  somewhat  lesser  value  as  corrective  foods  are  eggs  and  the 
glandular  organs  of  animals.  These  are,  however,  very  low  in 
calcium  and  so  fail  to  make  good  this  important  fault  in  the  diet. 

Early  aging  and  low  vitality  with  consequent  susceptibility 
to  disease  attend  the  adherence  to  an  unsatisfactory  diet.  This 
conclusion  has  been  forced  upon  my  co-workers  and  myself  as 
the  result  of  thousands  of  observations  on  animals  restricted  to 
diets  varying  in  quality  and  restricted  as  to  source.  Variety, 
palatability  and  appropriate  chemical  composition  as  revealed 
by  the  best  methods  of  analysis  at  our  disposal  do  not  necessarily 
guarantee  safety. 

There  is  still  some  scepticism  among  thoughtful  people  as 
to  the  importance  of  diet  in  its  relation  to  health  and  disease. 
This  is  the  natural  result  of  several  factors.  In  the  first  place 
we  accept  as  normal  such  conditions  of  nutrition  as  we  are 
accustomed  to,  until  it  is  demonstrated  that  a  higher  standard  is 
easily  attainable.  We  are  accustomed  to  see  people  old  looking 
at  thirty  to  forty  years  of  age,  and  do  not  become  impressed  by 
it,  even  though  the  occasional  preservation  of  vigor  to  an  advanced 
age  shows  us  what  is  possible. 

The  results  of  malnutrition  are  not  such  as  to  force  them- 
selves on  the  attention.  It  is  attended  by  languor  but  not  by 
pain.  The  effects  of  heredity  and  disease  are  not  infrequently 
responsible  for  poor  physical  development  which  is  scarcely  dis- 
tinguishable from  that  due  to  faulty  nutrition.  Man  in  different 
regions  lives  on  diets  w'hich  are  widely  different  in  character,  and 
succeeds  sufficiently  w^ell  to  seem  to  warrant  the  conclusion  that 
it  makes  little  difference  what  kind  of  food  he  takes,  so  long  as  it 
is  wholesome  and  he  has  enough.  The  fallacy  of  such  an  assump- 
tion becomes  apparent  in  the  light  of  what  we  now  know  of  the 
dietary  properties  of  each  of  the  more  important  natural  food- 
stuffs. We  can  readily  see  now  that  man  in  different  parts  of  the 
world  is  living  on  all  the  types  of  diet  on  which  it  has  been  found 
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possible  to  nourish  animals,  and  on  no  other.  In  certain  places 
he  is  attempting  to  live  on  diets  which  cost  him  his  vitality  by 
the  time  he  has  reached  an  age  which  should  find  him  enjoying 
the  full  vigor  of  middle  life.  This  is  the  seed,  tuber  and  meat 
type  of  diet  which  has  already  been  described. 

Throughout  parts  of  India,  China,  Japan,  the  Philippines, 
eastern  South  America,  Newfoundland  and  Labrador,  beri-beri 
is  common,  and  is  due  to  faulty  diet  of  a  character  which  we 
well  understand.  Those  who  live  almost  exclusively  on  a  diet  of 
degerminated  seed  products,  tubers,  roots  and  muscle  meats 
do  not  miss  by  a  very  wide  margin  developing  this  disease. 

While  scurvy  has  become  a  relatively  rare  disease  among 
adults,  it  is  still  common  among  infants  which  are  fed  heated 
milk  as  their  sole  food.  We  now  know  that  the  antiscorbutic 
substance,  water-soluble  C,  is  the  most  unstable  complex  in  the 
diet,  and  is  readily  destroyed  by  heating  to  the  boiling  point  of 
water.  It  is  certainly  true  that  many  people  who  live  almost 
exclusively  on  cooked  foods  come  very  near  the  point  of  specific 
starvation  for  this  particular  substance,  and  narrowly  escape 
developing  the  disease. 

Dr.  Goldberger  of  the  Public  Health  Service  has  done  notable 
work  in  the  study  of  the  relation  of  the  diet  to  pellagra  in  the 
South.  He  has  pointed  out  that  the  diet  of  the  pellagrin  con- 
sists essentially  of  degerminated  cereal  grains,  starch,  sugar, 
molasses,  sweet  potatoes  and  fat  pork.  But  a  very  small  amount 
of  green  leafy  vegetables  are  eaten  and  practically  no  milk.  He  has 
improved  the  diets  of  the  inmates  of  institutions  where  pellagra 
was  a  scourge,  and  observed  that  this  leads  to  the  eradication 
of  the  disease.  He  and  his  associates  were  not  able  to  contract 
the  disease  by  material  from  tlie  lesions  from  i)ellagrins  and 
with  their  excreta  while  the  experimenters  were  living  on  a 
satisfactory  diet.  Further  dietary  studies  made  in  villages  where 
])ellagra  was  common  showed  that  those  families  which  used 
liberal  amounts  of  milk  very  rarely  contract  the  disease,  and  its 
incidence  is  highest  in  those  households  where  least  milk  and 
green  vegetables  are  used  as  food.  The  liberal  use  of  the  articles 
which  as  the  result  of  animal  experimentation  have  been  dis- 
covered to  be  corrective  in  character  prevents  the  occurrence  of 
pellagra.  The  question  as  to  whether  it  is  a  disease  due  to  an 
infectious  agent  has  not  been  definitely  decided. 
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It  is  significant  that  the  incidence  of  tuberculosis  among  the 
general  population  of  a  city  such  as  Baltimore  is  very  much 
higher  among  the  group  of  people  who  live  almost  exclusively 
on  the  bread,  meat  and  potato  type  of  diet,  and  use  least  milk 
and  green  vegetables.  If  we  may  safely  draw  deductions  from 
animal  experimentation  it  appears  probable  that  this  diet  pre- 
disposes these  people  to  infection  with  the  tubercle  organism. 

Many  will  not  agree  with  this  conclusion,  but  hold  that  poor 
hygienic  conditions  and  opportunity  for  infection,  racial  sus- 
ceptibility and  certain  trades,  are  the  factors  which  make  this 
disease  common.  To  this  view  I  would  reply  that  we  know  that 
the  diabetic  patient,  whose  vitality  is  lowered  both  by  failure  of 
one  of  the  normal  processes  of  metabolism — the  oxidation  of 
sugar — and  by  faulty  diet,  as  is  practically  always  the  case,  is 
extremely  susceptible  to  tuberculosis.  The  medical  profession 
has  for  many  years  recognized  that  one  of  the  most  valuable 
therapeutic  agents  in  this  disease  is  good  nutrition.  It  is  interest- 
ing to  note  that  on  purely  empirical  grounds  the  profession  long 
ago  came  to  the  employment  of  a  diet  for  the  tubercular  which 
contained  liberal  amounts  of  milk  and  eggs. 

A  group  of  people  which  is  of  special  interest  in  connection 
with  the  problem  of  susceptibility  to  tuberculosis  is  the  non- 
citizen  Indian  of  to-day.  There  is  no  group  of  people  anywhere 
who  are  dying  more  rapidly  from  tuberculosis.  They  live  out- 
of-doors  all  summer,  and  probably  have  throughout  the  year  as 
much  fresh  air  as  the  average  city  dweller.  They  do  have  abun- 
dant opportunity  for  becoming  infected  because  of  their  careless 
association  with  infected  persons,  and  reckless  dissemination 
of  infected  sputum.  Racial  susceptibility  has  been  generally 
regarded  as  a  satisfactory  explanation  of  the  prevalance  of  tuber- 
culosis among  these  Indians.  It  seems  to  me  that  there  is  another 
and  more  important  factor  involved,  namely,  the  unsatisfactory 
character  of  their  food  supply.  The  non-citizen  Indian  lives  on 
a  reservation  and  is  supported  by  the  government.  He  has,  in 
general,  no  interest  in  agriculture,  and  does  not  raise  much  of 
his  food.  His  live  stock  usually  consists  of  horses.  He  lives  on 
the  products  which  he  buys  at  the  agency  stores,  and  these,  un- 
fortunately, consist  almost  wholly  of  degerminated  cereal  prod- 
ucts, legume  seeds,  tubers  and  meats.  It  seems  plausible  at 
least  that  this  diet  is  an  important  factor  in  rendering  him  sus- 
ceptible to  this  rather  mildly  virulent  infection. 


440  E.   V.   McCoLLUM.  [J.F.I. 

In  the  light  of  modern  nutrition  studies  we  have  come  to 
regard  as  unsatisfactory  some  of  the  diets  widely  used  by  man. 
We  have  demonstrated  in  certain  respects  that  there  is  a  close 
parallelism  between  the  history  of  a  poorly  nourished  animal 
and  a  poorly  nourished  man.  Much  remains  to  be  learned  of 
the  finer  details  of  the  dietary  habits  of  man  in  various  parts  of 
the  world,  and  of  the  health  conditions  with  which  these  can 
possibly  be  correlated.  It  has  seemed,  however,  that  we  have 
succeeded  in  correlating  certain  data  relating  to  human  nutrition 
with  the  results  of  laboratory  studies  in  a  manner  which  brings 
to  light  a  most  important  principle  in  the  selection  of  foods.  If 
these  deductions  are  sound  it  is  evident  one  of  the  great  tasks  of 
the  general  undertaking  of  raising  the  standard  of  public  health  is 
the  education  of  the  public  along  two  lines.  One  of  these  is  to  ex- 
tend the  use  of  dairy  products,  and  the  other  is  the  cultivation  of 
the  habit  of  eating  much  more  freely  of  green  leafy  vegetables 
than  is  now  the  practice  anywhere  in  the  United  States. 
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THE  RELATION  OF  THE  U.  S.  NAVAL  OBSERVATORY 
TO  THE  NAVY  AND  SHIPPING  INTERESTS  OF  THE 

COUNTRY.- 

BY 

REAR  ADMIRAL  J.  A.  HOOGEWERFF, 

U.  S.  Navy. 

Superintendent,  U.  S.  Naval  Observatory,  Washington,  D.  C. 

W'hex  a  sailor  comes  into  the  open  he  casts  an  eye  aloft  and 
scans  the  heavens,  not  only  to  form  an  estimate  of  the  seeing  and 
probable  weather  conditions,  but  also  to  note  tjie  positions  of  the 
heavenly  bodies.  From  this  glance  he  gets  an  estimate  of  the 
course  his  ship  is  steering  and  the  possibility  of  obtaining  sights 
to  locate  her  position  on  the  ocean. 

A  good  navigator,  by  constantly  watching  the  heavens  and 
consulting  his  almanac,  carries  in  his  head  the  best  times  to  get 
his  observations  of  the  sun,  and  just  what  other  heavenly  bodies 
will  be  in  position  to  be  observed  at  twilight  or  when  the  moon  is 
sufficiently  bright  to  light  up  the  horizon  distinctly.  When  cloudy 
and  observations  are  badly  needed,  the  accomplished  seaman 
knows  at  once,  when  a  star  shows  up  sufficiently  to  be  observed, 
what  star  it  is  and  what  use  can  be  made  of  a  snap-shot  taken  of 
it  wi,th  his  sextant. 

When  the  navigator  gets  his  observations  he  notes  the  condi- 
tions under  which  they  are  taken  and  decides  mentally  on  the 
amount  of  confidence  he  will  place  in  them.  But  when  he  picks 
some  figures  out  of  his  Nautical  Almanac  with  which  to  work  out 
these  observations  it  never  occurs  to  him  tO'  question  the  accuracy 
of  the  tables,  nor  to  question  the  wireless  time  signals  which  he 
uses  to  determine  his  longitude,  and  which  he  receives  from  the 
Naval  Observatory  through  Arlington  by  radio  practically  every 
day,  if  he  is  within  three  or  four  thousand  miles  of  Washington. 

It  is  astronomers  who  furnish  the  basis  of  these  aids  to  navi- 
gation, and  the  sailor's  confidence  in  them  and  their  results 
is  complete. 

This  confidence,  while  flattering  to  astronomers  and  com- 
puters, has  its  drawbacks  in  that  the  public  is  prone  to  believe  that 
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the  practical  results  of  astronomy  are  free  gifts  from  heaven,  re- 
quiring- little  or  no  labor  on  the  part  of  man  to  keep  them 
up  to  date. 

Astronomy  is  not  only  the  oldest  of  sciences,  but  the  father 
of  all  s<:iences,  for  it  was  from  Astronomy  that  man  first  learned 
of  the  existence  of  law  in  nature  which  is  the  basis  of  scientific 
progress,  and  from  that  knowledge  was  led  to  turn  his  attention 
to  other  and  nearer  phenomena,  believing  that  they,  too,  must  be 
governed  by  law. 

By  watching  the  heavens  through  centuries  man  was  gradu- 
ally impressed  with  the  harmony  of  motion  of  the  heavenly  bodies 
and  the  regular  recurrence  of  celestial  phenomena. 

The  risings  and  settings  of  the  sun,  the  phases  of  the  moon, 
the  periodic  positions  of  the  planets,  and  the  recurrence  of  the 
seasons  gave  food  for  thought  and  led  to  the  discovery  of  rules 
for  the  prediction  of  these  phenomena. 

Then  came  Newton's  discovery  of  the  universal  law  of  gravi- 
tation, which,  applied  to  the  observations  of  the  positions  of  the 
bodies  of  the  solar  system  obtained  in  the  past,  enabled  predic- 
tions of  their  future  positions  to  be  made. 

Although  the  laws  of  gravitation  as  announced  by  Newton 
have  stood  the  test  of  time,  we  must  not  forget  the  multiplicity  of 
conditions  existing  because  of  the  number  of  bodies  in  space,  and 
the  difficulty  of  obtaining  accurate  observations. 

It  is  marvellous  that  observations  so  accurate  can  be  made 
from  a  rotating  earth,  revolving  around  the  sun,  which,  with  the 
whole  solar  system  and  the  so-called  fixed  stars  are  themselves 
rushing  through  space  with  great  velocities. 

But  these  complications  necessitate  constant  and  improving 
observations,  which,  in  turn,  lead  to  more  accurate  equations 
and  tables. 

The  principal  practical  applications  of  these  tables  are  in  the 
determination  of  time,  of  positions  at  sea,  and  in  the  determina- 
tion of  primary  positions  on  the  earth  for  use  in  making  maps 
and  charts. 

These  practical  applications  of  astronomy  are  so  essential  to 
a  seafaring  people  that  countries  having  large  shipping  interests 
have  sooner  or  later  established  government  observatories  to  make 
the  fundamental  observations,  and  offices  to  compute  and  publish 
the  tables  in  form  for  the  use  of  sailors. 
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Congressional  action  for  instituting  a  national  observatory  in 
this  country  originated  in  the  earliest  movement  for  establishing 
a  first  meridian  in  the  United  States,  and  a  report  was  made  by  a 
select  committee  in  the  House  of  Representatives,  March  28, 
1810.  which  reported  the  following  resolution:  "That  it  is  ex- 
pedient to  make  provision  by  law,  authorizing  the  President  of 
the  United  States  to  cause  the  longitude  of  the  city  of  Washing- 
ton from  the  Observator}-  at  Greenwich  to  be  ascertained  with  the 
greatest  degree  of  accuracy,  and,  for  that  purpose,  to  procure  the 
necessary  astronomical  instruments." 

This  resolution  was  laid  on  the  table,  and  a  bill  accompanying 
the  report  of  another  select  committee  was  probably  destroyed  in 
the  burning  of  the  records  of  the  Capitol  in  1814.  This  committee 
had  reported  in  January,  1813 — "  that,  in  their  opinion,  astro- 
nomical observations  are  highly  useful  to  a  navigating  and 
commercial  people." 

Though  numerous  scientific  reasons  were  presented  to  Con- 
gress from  time  to  time  urging  the  establishment  of  a  National 
Obser\-atory,  the  practical  uses  of  an  Astronomical  Observatory 
were  not  put  on  record  until  the  Secretary  of  the  Navy,  in  a  letter 
to  the  Chairman  of  the  Committee  on  Naval  Affairs  of  the  House 
of  Representatives,  dated  March,  18,  1830,  stated  "an  Astronomi- 
cal Observatory  " "  would  furnish  the  means  of  making  such 

observations  as  would  enable  astronomers  to  ascertain  or  calculate 
the  positions  of  the  heavenly  bodies  at  any  time,  without  being 
dependent  on  other  nations  for  the  same;  and  would  be,  more- 
over, a  fixed  point  to  whose  meridian terrestrial  objects  may, 

with  certainty,  be  referred,  as  far  as  respects  their  longitudes," 
and  Commodore  John  Rodgers,  in  a  letter  of  the  same  date  to  the 
Secretary,  stated  as  one  of  the  principal  objects  of  an  observatory 
— "  to  furnish  annually  our  naval  and  commercial  interests  with 
a  correct  ephemeris,  upon  the  accuracy  of  which  depends  so  much 
the  safety  of  our  commerce  and  the  lives  of  our  seamen." 

In  1830,  the  Navy  established  a  bureau  in  Washington  for 
the  care  of  the  instruments,  charts,  etc.,  of  the  Navy,  and  Lieu- 
tenant Goldsbo rough,  who  had  charge,  collected  the  navigation 
outfits  of  the  Navy  there. 

About  the  same  time  the  Navy  Commissioners  in  a  letter  to 
the  Secretary  wrote :  "  As  a  matter  of  national  pride  and  indepen- 
dence, it  would  be  desirable  to  have  an  American  Nautical  Al- 
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manac  adapted  to  a  first  meridian  of  our  own —  an  almanac  of  this 
kind  would  be  one  of  the  first  fruits  of  an  Observatory,  should 
Congress  deem  it  expedient  to  establish  one." 

The  necessity  for  careful  rating  of  the  chronometers  for  the 
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Navy  led  to  the  acquisition  of  a  transit  instrument  to  determine 
the  time,  and  Lieutenant  Goldsborough  then  erected  the  first 
astronomical  instrument  for  the  Navy  at  Washington. 

Lieutenant  Wilkes,  who  succeeded  in  charge  of  the  depot  in 
1833,  removed  the  office  to  Capitol  Hill,  and  here  erected,  at  his 
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own  expense,  an  Observatory,  sixteen  feet  square,  in  which  was 
mounted  a  hve-foot  transit  loaned  by  the  Coast  Survey. 

In  the  spring  of  1837  Lieutenant  Gilhss  was  placed  in  charge 
of  the  depot,  and.  under  instructions  from  Secretary  Paulding, 
commenced  a  series  of  astronomical  observations  of  moon  cul- 
minations, occultations  and  eclipses,  which,  with  similar  observa- 
tions, to  be  made  by  Mr.  William  C.  Bond  at  Boston,  were 
to  be  used  in  determining  differences  of  longitude  in  connection 
with  the  Exploring  Expedition  to  the  South  Seas  under 
Lieutenant  Wilkes. 

Gilliss  not  only  succeeded  in  obtaining  some  necessary  astro- 
nomical instruments,  but  persuaded  the  Secretary  of  the  Navy  to 
authorize  the  purchase  of  magnetic  and  meteorological  instru- 
ments and  to  order  additional  assistants  for  the  work  at 
the  depot. 

Under  these  instructions  of  the  Secretary  of  the  Navy,  Lieu- 
tenant Gilliss  of  the  United  States  Navy,  himself  made  most  of 
the  astronomical  observations  and  was  "  the  first  in  the  United 
States  who  conducted  a  working  observatory,  and  the  first  who 
gave  his  whole  time  to  practical  astronomical  work;  it  was  he 
who  first  published  a  volume  of  observations,  first  prepared  a 
catalogue  of  stars,  and  plarmed  and  carried  into  effect  the  con- 
struction of  a  working  observatory  as  contrasted  with  one  in- 
tended chiefly  for  purposes  of  instruction ." 

As  the  observations  progressed  and  the  usefulness  of  the 
depot  to  the  navigational  outfit  of  the  Navy  increased  the  neces- 
sity for  suitable  buildings  became  more  and  more  apparent,  and 
the  practical  work  already  accomplished  by  Gilliss  being  gradu- 
ally brought  to  the  attention  of  Congress,  he  succeeded,  with  the 
backing  of  the  Navy  Commissioners  and  the  Secretary,  in  get- 
ting Congress  to  pass  "  an  Act  to  authorize  the  construction  of  a 
depot  for  charts  and  instruments  of  the  Navy  of  the  United 
States,"  which  was  approved  August  31,  1842. 

The  report  of  the  Naval  Committee  which  accompanied  this 
bill  said,  in  reference  to  the  value  of  such  a  depot :  "Since  its  or- 
ganization, the  Navy  has  not  only  been  furnished  with  better 
instruments  and  more  recent  charts,  at  a  greatly  less  original  cost 
than  before,  but  greater  care  has  been  observed  in  their  use,  con- 
sequent upon  the  regulations  of  the  Depot,  making  the  masters 
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of  our  public  vessels  directly  responsible  for  each  article  deliv- 
ered to  them. 

"  Prior  to  that  time,  chronometers  were  purchased  as  the 
wants  of  a  ship  or  the  judgment  of  a  commander  dictated,  with- 
out trial  or  examination,  the  only  guarantee  of  its  value  being  the 
word  of  the  seller.  Sextants  which  were  rejected  by  experienced 
judges  and  left  as  shop-keepers,  too  frequently  found  their  way 
into  the  Navy,  through  the  inability  of  navy-agents  and  store- 
keepers to  discriminate  between  good  and  bad.  A  ship  rarely 
went  to  sea  without  having  the  master's  store-room  half  filled 
with  wood  compasses,  from  the  prejudice  that  a  light  compass 
could  only  be  obtained  by  making  the  bowl  of  that  material.  As 
a  necessary  consequence,  the  same  set  of  instruments  rarely  went 
to  sea  two  cruises.  When  the  ship  returned,  they  were  tumbled 
into  the  Navy  store,  chronometers  and  all,  where  they  remained 
till  the  fitting  of  a  new  ship  would  find  them  unworthy  of  further 
use.  This  no  longer  exists;  Navy  store-keepers  are  required  to 
render  a  monthly  report  of  every  instrument  in  their  charge; 
and,  as  before  stated,  masters  are  held  directly  accountable,  so 
that,  with  a  little  additional  repair  at  the  end  of  each  cruise,  the 
same  set  lasts  many  years.  The  saving,  from  this  cause  alone, 
is  more  than  the  annual  cost  of  the  whole  establishment." 

In  reference  to  Astronomy,  the  committee  say : 

"  In  the  summer  of  1838,  the  honorable  Secretary  of  the  Navy 
directed  the  Superintendent  to  make  a  constant  series  of  obser- 
vations in  astronomy,  magnetism,  and  meteorology,  ordering  an 
additional  number  of  assistants,  and  granting  authority  for  the 
purchase  of  all  necessary  instruments." 

"  We  are  indebted  to  other  nations  for  the  data  which  enable 
our  ships  to  cross  the  ocean.  Not  only  has  the  Navy  failed  to 
contribute  to  the  common  stock  from  which  all  our  navigators 
borrow,  but  our  country  has  never  yet  published  an  observation 
of  a  celestial  body  which  bore  the  inipress  '  by  authority  ' ;  and  it 
is  believed  that,  until  the  observations  before  alluded  to  in  this 
report,  none  have  ever  been  directed  by  the  Government  which 
can  be  considered  continuous. 

"  That  great  errors  exist  in  the  tabulated  places  of  the  heavenly 
bodies,  the  labors  of  astronomers  of  the  present  day  sufficiently 
prove.  Indeed,  all  who  were  at  all  curious  in  such  matters  could 
not  have   failed   to  remark  how  great  a  difiference   there   was 
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between  the  observed  and  computed  times  of  the  last  annular 
eclipse  visible  in  the  United  States." 

"  Observatories,  though  not  expensive,  cannot  prosper  in  our 
country  until  we  can  obtain  rest  from  the  pursuit  of  mercantile 
affairs,  or  their  charge  is  undertaken  by  the  Government.  The 
duties  are  confining;  if  properly,  executed,  arduous:  and  but  few 
are  qualified  by  experience  or  habits  to  undertake  them.  If 
officers  can  be  found  with  taste  for  such  duties,  an  Observatory 
will  give  more  information  to  the  world,  under  a  military  organ- 
ization, in  one  year,  than  under  any  other  direction  in  two." 

"  The  subject  of  Magnetism  is  scarcely  less  important  to  the 
Na\y  than  astronomy.  Without  a  knowledge  of  the  variation 
of  the  compass,  none  but  coasting-craft  dare  venture  beyond  the 
precincts  of  a  harbor;  yet  how  few  have  more  than  a  practical 
know'ledge  of  the  mode  of  determining  its  amount.  The  daily 
changes  of  the  variation,  its  extraordinary  fluctuations  during 
auroras,  the  causes,  amounts,  and  modes  of  correcting  the  local 
attraction  of  ships,  and,  indeed,  the  laws  governing  magnetized 
bodies  generally,  are  mysteries  with  which  a  large  portion  of 
the  officers  have  had  neither  means  nor  opportunities  to  become 
acquainted.  Great  complaints  are  made  that  chronometers  per- 
form badly;  that  ships  have  been  influenced  by  currents  when,  if 
the  true  cause  could  be  ascertained,  it  would  be  found  to  consist 
in  having  steered  a  wTong  course,  no  allowance  being  made  for 
local  attraction." 

"There  can  be  no  doubt  a  large  number  of  the  wrecks  of  ship- 
ping occur  solely  from  this  cause." 

"  The  magnetic  observatories  which  w^ere  established  by  the 
European  governments  two  years  since,  and  which  have  a  loca- 
tion in  almost  everj^  part  of  the  world,  were  earnestly  recom- 
mended to  us  by  the  learned  men  of  England.  Active  and  exten- 
sive co-operation,  they  say,  will  be  the  only  mode  of  setting 
at  rest  the  conflicting  theories  of  this  most  important  branch 
of  science." 

"  In  regard  to  Meteorology,  if  Professor  Espy's  theory  is 
correct,  the  day  is  not  distant  when  we  shall  be  able  to  calculate 
the  precise  point  where  a  storm  is  raging." 

"  Meteorological  observations  are  more  important  at  night 
than  by  day,  because  of  their  scarcity  hitherto ;  and  it  is  scarcely  to 
be  expected  that  amateurs  can  be  found  in  sufficient  numbers  to 
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make  all  the  required  observations.  Night-watching  in  stormy 
weather  finds  fcAV  followers,  and  we  can  only  hope  to  obtain  the 
desired  information,  when  those  engaged  in  its  pursuit  have  duty 
to  compel  a  flagging  inclination." 

"  Deeming  an  establishment  of  this  description  essential  to 
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the   welfare    of   thei   Navy,    the   committee   report    the   accom- 
panying bill." 

A  separate  report  of  a  select  committee  on  memorials  pre- 
sented by  citizens  of   Philadelphia,   New   York  and   Baltimore 

stated  :  " It  is  incuml^ent  on  Congress  to  provide  for  the 

safety  of   our   mariners  and   of   the  immense  treasures   which 
the  enterprise  of  our  merchants  throw  daily  upon  the  waters. 
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It  is  by  celestial  observations   only   that   charts   can  be  accu- 
rately projected " 

The  passage  of  this  act  in  184J.  marks  Congressional  approval 
of  the  Naval  Observatory,  though  it  was  first  called  the  Depot 
of  Charts  and  Instruments,  and  later  the  Hydrographical  Office. 
In  the  volume  of  astronomical  observations  for  1848,  the  institu- 
tion first  bears  the  name  of  United  States  Naval  Observatory  in 
place  of  National,  by  order  of  the  Secretary  of  the  Navy,  because 
the  Institution  had  always  been  under  the  control  of  the  Navy 
Department,  and  was  conducted  by  Navy  Officers,  "  its  reputa- 
tion is  the  property  of  the  Navy." 

In  the  act  of  Congress  of  March  3,  1849,  ^^  appropriating  the 
expenses  of  the  Hydrographical  Office  it  was  "  Provided  that  a 
competent  officer  of  the  Navy,  not  below  the  grade  of  lieutenant, 
be  charged  with  the  duty  of  preparing  the  Nautical  Almanac  for 
publication,  and  that  the  Secretary  of  the  Navy  may,  when,  in 
his  opinion,  the  interests  of  navigation  would  be  promoted  thereby, 
cause  any  nautical  works,  that  may,  from  time  to  time,  be  pub- 
lished by  the  Hydrographical  Office,  to  be  sold  at  cost ." 

From  and  since  the  Act  of  Congress  of  August  5,  1854, 
specific  appropriations  have  been  made  for  the  American  Nau- 
tical Almanac,  and  the  Revised  Statutes,  Sec.  436,  provided  that 
"  The  Secretary  of  the  Navy  may  place  the  supervision  of  the 
Nautical  Almanac  in  charge  of  any  officer  or  professor  of  mathe- 
matics in  the  Navy  who  is  competent  for  that  service ." 

Lieutenant  Matthew  Fontaine  Maury,  to  whom  Lieutenant 
Gilliss  turned  over  the  new  building  for  the  Observatory  (which 
had  been  completed  under  his  direction),  l^ecame  Superintendent 
on  October  i,  1844,  and  held  that  position  until  he  went  South 
in  April,  1861,  when  he  was  succeeded  by  Gilliss,  who  had  mean- 
while been  promoted  to  a  Captaincy  in  the  Navy. 

Maury  devoted  a  great  deal  of  his  attention  to  hydrography 
and  interested  the  Navy  and  Merchant  Commanders  in  making 
and  preserving  "  observations  on  all  parts  of  the  ocean  upon 
winds,  currents,  the  barometer,  and  air  and  water  thermometer, 
and  upon  other  phenomena  calculated  to  improve  navigation." 
From  these  reports  and  the  logs  of  vessels  Maury  planned  and 
published  wind  and  current  charts,  and  sailing  directions  on  which 
are  still  based  our  present  charts,  and  which  have  not  only 
materially  shortened  the  passage  along  the  highways  by  which 
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our  ocean  borne  commerce  passes,  but  have  enabled  shipping  to 
avoid  locations  where  large  percentages  of  bad  and  unfavorable 
weather  conditions  are  found. 

Gilliss,  who  was  a  practical  astronomer  and  who  had  said 
in  his  report  in  1845,  ^hat  "  he  would  have  regarded  his  time  as 
misspent  to  labor  so  earnestly  only  to  establish  a  depot  of  charts 
and  instruments;  that  his  aim  was  to  place  an  institution  under 
the  management  of  Naval  officers,  where,  in  the  practical  pur- 
suit of  the  highest  known  branch  of  science,  they  would  compel 
an  acknowledgement  of  abilities  hitherto  withheld  from  the  ser- 
vice," built  up  the  astronomical  staff  of  the  Observatory  and 
acquired  new  instruments  during  his  Superintendency  lasting 
until  his  sudden  death  February  9,  1865. 

The  Naval  Observatory  at  this  time  included  an  Astronomical 
Observatory,  a  Hydrographical  Office,  a  Depot  of  Charts  and 
Instruments,  a  Meteorological  and  Magnetic  Observatory,  and  the 
Superintendent  was  even  required  to  make  a  report  on  inter- 
oceanic  canals  and  railroads  under  the  resolution  of  the  United 
States  Senate  of  March  19,  1866 — "  Resolved,  that  the  Secretary 
of  the  Navy  furnish,  through  a  report  of  the  Superintendent  of 
the  Naval  Observatory,  the  summit-levels  and  distances  by  survey 
of  the  various  proposed  lines  for  interoceanic  canals  and  rail- 
roads between  the  waters  of  the  Atlantic  and  Pacific  Oceans,  as 
also  their  relative  merits  as  practicable  lines  for  the  construction 
of  a  ship  canal  and  especially  as  relates  to  Honduras,  Tehaun- 
tepec,  Nicaragua,  Panama,  and  AtratO'  lines." 

These  were  too  diverse  activities  for  a  single  institution  and 
Congress,  by  its  Act  of  June  21,  1866,  established  the  United 
States  Hydrographic  Office,  which  then  took  over  the  hydro- 
graphic  work  which  the  Observatory  had  started. 

In  1880  Congress  appropriated  funds  for  the  purchase  of  a 
new  site  and  the  preparation  of  plans  for  new  buildings  for  the 
Naval  Observatory,  and  in  1886  the  funds  for  the  buildings. 

Under  these  appropriations  the  site  for  the  present  Obsen-a- 
tory  was  carefully  selected  with  a  view  to  its  fitness  for  mounting 
astronomical  instruments  and  observing  with  them,  and  at  the 
same  time  to  be  accessible  from  the  city  of  Washington,  and  the 
buildings  were  carefully  designed  to  suit  its  needs. 

Upon  the  completion  and  acceptance  of  the  new  buildings 
on    Georgetown    Heights    the    Naval    Obserwitory    was    moved 
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there  in  1S93.  and  at  the  same  time  the  Nautical  Almanac  Office 
with  its  library  was  transferred  to  and  made  a  department  of 
the  Observatory. 

In  order  to  give  very  briefly  the  reasons  for  the  establishment 
of  the  Naval  Observatory  and  the  American  Nautical  Almanac 
and  to  afford  time  in  which  to  tell  of  the  practical  assistance  they 
now  aft'ord  our  Navy  and  Merchant  shipping,  I  have  been  obliged 
to  leave  out  practically  any  account  of  the  work  of  the  many 
distinguished  men  who  have  been  connected  with  their  activities. 

I  must,  however,  mention,  in  addition  to  Gilliss  and  Maury, 
the  names  of  Goldsborough,  Wilkes,  Charles  Henry  Davis,  father 
and  son,  John  Rodgers.  Asaph  Hall  and  Simon  Newcomb,  of  the 
Navy,  and  George  William  Hill,  all  of  whose  names  are  well 
known  to  science,  but  an  account  of  whose  work  it  would  take 
up  too  much  time  to  attempt  to  give  now. 

THE  WORK  OF  THE  NAVAL  OBSERVATORY. 

The  first  object  in  acquiring  an  astronomical  instrument  for 
the  Depot  of  Charts  and  Instruments  was  for  the  correct  deter- 
mination of  time  in  order  to  find  the  errors  and  rates  of  the 
Navy  chronometers. 

This  service  has  been  continued  ever  since,  and  has  expanded 
until  now  the  Naval  Observatory  not  only  furnishes  accurate 
time  by  radio,  twice  each  day,  via  the  Navy  radio  station  at 
Arlington  (and  other  Navy  radio  stations  when  desirable),  to 
vessels  an\-Avhere  within  three  or  four  thousand  miles  of  Wash- 
ington, and  to  thousands  of  private  parties  who  have  set  up 
receiving  sets  throughout  the  country;  but  also  puts  the  time 
signal  on  any  telegraph  or  telephone  wires  which  are  run  to  the 
Obsen^ator)'  for  the  purpose  of  receiving  it. 

This  has  resulted  in  the  Western  Union  Telegraph  Co. 
supplying  Naval  Observatory  time  wherever  their  wires  are  run. 
West  of  the  Rocky  Mountains  the  time  signals  originate  at  the 
Navy  Chronometer  and  Time  Station  maintained  at  the  Mare 
Island  Navy  Yard. 

The  benefit  of  standard  time  signals  to  the  shipping  and  inland 
transportation  interests  of  this  country,  and  to  watchmakers, 
jewelers  and  persons  engaged  in  scientific  and  other  pursuits 
requiring  accurate  time,  not  to  mention  the  general  public,  is  so 
tremendous  that  it  is  difficult  to  conceive  of  the  confusion  and 
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troubles  that  would  arise  were  this  serv'ice  discontinued  even  for  a 
few  days.  It  is  often  amusing  to  note  the  surprise  of  persons  who 
thought  they  possessed  perfect  time  keepers,  when,  on  making 
continuous  comparisons  with  an  accurate  time  signal,  they  find 
how  much  their  supposedly  accurate  watches  vary  from 
day  to  day. 

To  maintain  a  time  service  the  Naval  Observatory  keeps  up 
continuous  observations,  when  weather  conditions  do  not  pre- 
vent, of  the  passage  of  so-called  clock  stars  over  the  meridian 
of  the  Observatory,  by  means  of  telescopes  set  permanently  in 
the  meridian  and  provided  with  suitable  mechanism  for  accurately 
determining  the  time  of  passage  of  the  stars.  These  times  are 
compared  by  means  of  chronographs  with  standard  clocks  whose 
errors  are  thus  determined  whenever  a  set  of  stars  is  observed. 
The  standard  clocks  are  not  only  the  most  accurate  clocks  made, 
having  pendulums  of  invar,  which  practically  does  not  expand  or 
contract,  but  they  are  secured  to  solid  piers  set  so  far  in  the  earth 
as  to  avoid  all  tremors  or  vibrations  short  of  those  occasioned  by 
earthquakes,  and  are  in  a  vault  where  the  temperature  is  main- 
tained constant  within  one-tenth  of  a  degree  Fahrenheit.  Each 
clock  is  sealed  in  a  glass  case  and  the  air  partially  exhausted  so 
that  the  resistance  of  the  air  and  its  moisture  content  is  kept 
constant.     They  are  wound  by  electricity. 

Through  electric  connections  the  reading  of  any  one  of  the 
three  standard  clocks  is  communicated  throughout  the  Observ-a- 
tory  and  can  be  compared  on  chronographs  with  any  other  time 
keeper,  star  or  other  observation. 

In  order  to  transmit  the  time  signal  at  noon  and  lo  p.m.,  two 
auxiliary  clocks  made  for  the  purpose  are  used,  so  that  having  set 
one  of  these  clocks  correctly  by  comparison  with  the  standard 
clock  shortly  before  the  time  for  the  signal,  the  clock  auto- 
matically transmits  the  signals  to  as  many  electric  relays  as  may 
be  desired.  The  actual  time  of  this  signal  at  different  places  is 
checked  back  from  time  to  time,  and  the  lag,  as  it  is  called,  at 
Arlington,  is  within  .01  second  of  time,  and.  at  Key  West,  due 
to  the  signal  being  several  times  relayed  by  land  wire,  averages 
.28  second. 

The  number  of  the  private  radios  receiving  time  was  hardly 
appreciated  by  the  Observatory  until  they  were  shut  down  by  the 
war,  and  the  usefulness  of  them  to  the  public  was  emphasized 
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by  the  miinber  of  immediate  requests  for  permission   for  their 
reestabHshment  as  soon  as  peace  conditions  prevailed. 

Of  course  during  the  war  the  time  signals  went  out  by  Navy 
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U.  S.  Naval  Observatory.  Standard  clock,  three  of  which  are  kept  at  a  constant  temperature 
and  pressure  in  an  underground  vault.  These  clocks  are  wound  by  electricity,  and  their  beats  arc 
transmitted  by  electricity  throughout  the  Observatory  so  that  the  vault  does  not  have  to  be 
entered  unless  in  case  of  emergency. 

radio  and  land  lines  without  intermission,  and  were  so  necessary 
to  shipping  passing  through  the  submarine  zone  that  all  other 
radio  work  was  stopped  while  the  time  signal  was  being  sent. 
The  determination  of  time  bv  the  transit  instruments  at  the 
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Naval  Observatory  is  only  a  small  part  of  the  work  of  the 
Observers  on  those  instruments,  and  while  these  results  are  more 
immediately  apparent,  the  real  work  of  the  instrument  is  in  the 
determination  of  the  absolute  positions  of  the  heavenly  bodies. 

These  positions  are  ultimately  used,  not  only  for  time  deter- 
mination, but  for  navigational  and  astronomical  work. 

The  astronomical  work  of  the  Naval  Observatory  is  planned 
and  executed,  "  To  furnish  to  the  Nautical  Almanac  Office,  as 
far  as  possible  such  observations  and  such  data  as  may  be  needed 
for  carrying  out  the  purpose  of  the  law  under  which  the  appro- 
priations for  that  office  are  made  from  year  to  year,  which  is 
as  follows : 

"  For preparing  for  publication  the  American  Ephemeris 

and  Nautical  Almanac  and  improving  the  tables  of  the  planets, 
moon,  and  stars." 

The  principal  astronomical  work  of  the  Observatory  is  in  the 
field  of  the  astronomy  of  position  as  distinguished  from  astro- 
physical  work,  and  is  the  continued  maintenance  of  observations 
for  absolute  positions  of  the  fundamental  stars  and  of  stars  which 
are  to  be  made  fundamental,  and  in  addition  the  independent 
determination  by  observations  of  the  sun,  of  the  position  of  the 
ecliptic,  and  of  the  equator  among  the  stars,  and  of  the  positions 
of  the  stars,  moon,  and  planets  with  reference  to  the  equator 
and  equinoxes. 

For  carrying  out  this  plan  of  work  the  principal  instrumental 
equipment  of  the  Observatory  consists  of  a  9-inch  and  a  6-inch 
transit  circle,  a  prime  vertical  transit  instrument,  an  alt-azimuth, 
a  photographic  zenith  tube  (for  the  determination  of  the  variation 
of  latitude),  a  26-inch  and  a  12-inch  equatorial,  a  photographic 
telescope,  and  a  photoheliograph,  besides  the  necessary  chrono- 
graphs and  clocks  and  a  clock  vault  where  the  standard  clocks  are 
kept  at  a  constant  temperature.  The  handling,  lighting,  and 
recording  of  these  instruments  requires  an  electrical  equipment 
of  motor  generators,  storage  batteries,  switchboards,  and  ther- 
mostats and  fans,  and  the  mechanical  equipment  for  opening  and 
closing  shutters,  turning  domes  and  raising  the  floor  of  the  large 
equatorial  is  considerable  and  requires  constant  attention.  All  of 
these  instruments  arc  in  actual  use  now.  excepting  the  prime  ver- 
tical transit  with  which  a  series  of  observations,  continuous  for 
19  years,  has  lately  been  completed. 
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In  order  that  the  work  of  computing  and  publishing  the  obser- 
vations, without  which  they  are  vahieless,  may  keep  pace  with  the 
obser\-ational  work  there  is  a  small  computing  division  which 
assists  the  observers  on  the  instruments  in  reducing  their  work; 
and.  incidentally,  furnishes  a  try-out  for  the  young  men  who  first 
come  to  the  Obser\-ator\',  and  a  source  from  which  to  draw  for 
observers.  Fortimately  for  Astronomy,  it  is  such  an  absorbing 
science  that  those  really  devoted  to  it  are  almost  indifferent  to 
their  own  material  welfare,  and  work  night  and  day  in  cold  and' 
heat,  with  sleep  and  meals  at  irregular  intervals,  on  a  mere 
pittance.  If  it  were  not  for  this  devotion  to  Astronomy  on  the 
part  of  a  few  men  it  would  be  impossible  to  get  any  one  to 
do  the  work  of  the  ObserA'atory  on  the  salaries  allowed  by 
the  Government. 

These  men.  because  of  their  knowledge  of  instruments,  optics 
and  glass,  were  tremendously  valuable  to  the  Navy  at  the  outbreak 
of  the  war.  because  of  our  previous  dependence  on  foreign  coun- 
tries, particularly  Germany,  for  these  things,  and  the  necessity 
for  having  advisers  for  the  firms  undertaking  to  provide  us  with 
glass  and  instruments  made  in  the  United  States. 

THE    NAUTICAL    ALMANAC    OFFICE 

Fortunately  Congress  in  1912  in  authorizing  the  Secretary  of 
the  Navy  to  arrange  for  the  exchange  of  data  with  such  foreign 
almanac  offices  as  he  might  from  time  to  time  deem  desirable,  with 
a  view  to  reducing  the  amount  of  duplication  of  work  in  pre- 
paring the  different  national  nautical  and  astronomical  almanacs, 
and  increasing  the  total  data  which  may  be  of  use  to  navigators 
and  astronomers  available  for  publication  in  the  American  Ephe- 
meris  and  Nautical  Almanac,  "Provided,  further,  that  the  work 
of  the  Nautical  Almanac  Office  during  the  continuance  of  any 
such  arrangement  shall  be  conducted  so  that  in  case  of  emergency 
the  entire  portion  of  the  w^ork  intended  for  the  use  of  navigators 
may  be  computed  by  the  force  employed  by  that  office,  and  with- 
out any  foreign  cooperation  whatsoever." 

This  saving  clause  enabled  the  Nautical  Almanac  to  be  pub- 
lished as  usual,  notwithstanding  the  war,  and  from  1300  Ephe- 
merides  and  1 165  Nautical  Almanacs  for  the  year  1916,  the  num- 
bers of  the  1918  volume  required  increased  to  1597  copies  of  the 
American  Ephemeris  and  5153  copies  of  the  Nautical  Almanac. 
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These  increases  were  principally  due  to  the  increase  of  our 
shipping,  both  naval  and  mercantile;  but  the  War  Department 
required  845  copies  of  the  American  Ephemeris  and  535  copies 
of  the  Almanac,  and  of  these  the  American  Expeditionary  Forces 
in  Europe  took  500  copies  of  the  American  Ephemeris  for  strictly 
military  work. 

The  Departments  of  Agriculture,  Commerce,  Interior,  and 
Treasury  took  229  copies  of  the  Ephemeris  for  19 18  and  323 
copies  of  the  Almanac. 

These  publications,  besides  giving  the  positions  of  the  sun, 
moon,  planets  and  stars,  give  the  celestial  phenomena  for  the  year, 
such  as  eclipses,  occulations,  etc.,  tables  for  the  use  of  navigators 
and  astronomers  for  converting  time  and  for  finding  the  latitude 
by  an  observed  altitude  of  Polaris;  and  the  times  of  sunrise  and 
sunset  and  moonrise  and  moonset,  the  value  of  which  not  only 
in  war  but  to  the  average  citizen  and  to  light  and  power  com- 
panies is  obvious. 

NAVIGATIONAL   INSTRUMENTS 

The  Naval  Observatory  is  charged  with  the  development, 
supply,  upkeep  and  inspection  of  gyro  and  magnetic  compasses, 
compass  equipment,  chronometers,  clocks,  watches,  sextants, 
sounding  apparatus,  spy  glasses,  binoculars,  and  in  fact  all  navi- 
gational and  meteorological  instruments  used  by  the  Navy,  not 
only  for  its  surface  craft,  but  for  submarines  and  aircraft. 

Prior  to  the  war,  the  increasing  speed  and  draft  of  surface 
vessels,  increased  gun  ranges,  and  the  development  of  under- 
water and  air  craft  necessitated  new  and  improved  instruments 
and  methods  for  accurate  and  rapid  navigational  and  plotting 
work.  The  Naval  Observatory  had  encouraged  suggestions  and 
the  development  of  methods  and  instruments,  sending  out  to  the 
service  for  trial  all  that  gave  promise  of  usefulness. 

Special  efforts  had  been  made  to  interest  American  firms  in 
the  manufacture  of  chronometers,  torpedo  boat  watches  and 
timekeepers  in  general,  of  sufficient  accuracy  to  pass  the  Observa- 
tory tests. 

Still  the  number  of  any  one  kind  of  navigational  instrument 
required  by  the  Navy  was  not  great;  our  merchant  marine  re- 
quired but  few,  and  so  the  manufacture  of  nautical  instruments 
in  this  country  was  confined  to  a  few  firms  of  limited  capacity. 
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Although  some  chronometers  were  assembled  in  this  country,  the 
clironometer  parts  and  all  torpedo  boat  watches  were  manufac- 
tured abroad,  and  practically  all  optical  glass  was  imported. 
However,  the  possibility  of  American  firms  undertaking  to  sub- 
stitute their  products  for  imported  ones  had  been  thoroughly 
gone  into,  and  where  it  had  not  been  undertaken  it  was  due 
to  the  fact  that  the  American  firms  did  not  believe  it  could 
be  done  at  a  profit,  principally  because  of  the  limited  demand  for 
nautical  instruments. 

Fortunately  the  Naval  Observatory  had  encouraged  the  de- 
velopment of  a  compass  in  this  country  which  was  not  influenced 
by  the  magnetic  materials  of  the  ships,  and  a  number  of  these 
gATo  compasses  were  in  use  on  the  dreadnaughts  and  submarines 
of  our  Navy. 

The  want  of  sufficient  directive  force,  the  necessity  of  its  in- 
stallation in  an  exposed  position,  the  inaccuracies  due  to  move- 
ments of  large  masses  of  steel  (such  as  turrets  and  guns),  and 
the  practical  difficulties  in  the  way  of  transmitting  the  readings 
of  the  magnetic  compass  to  other  points  had  made  it  extremely 
desirable  to  provide  a  compass  much  superior  in  these  respects, 
at  least,  to  the  magnetic  compass  for  battleships,  while  for  the  sub- 
marine a  magnetic  compass  confined  within  a  steel  shell  was  prac- 
tically useless.  The  development  of  the  gyro  compass  had  also 
been  aided  by  the  demand  for  it,  before  our  entry  into  the  war, 
by  the  countries  allied  against  Germany;  and  as,  outside  of  Ger- 
many. America  had  produced  the  only  gyro  compass,  the  demand 
for  it  became  very  great. 

\\'hile  the  Navy  had  but  few  aircraft  prior  to  our  entry  into 
the  war,  the  necessity  for  navigational  and  meteorological  instru- 
ments for  aircraft  had  been  recognized,  and  the  Observatory  was 
encouraging  and  taking  part  in  their  development. 

Still  all  this  preliminary  work,  because  of  the  limited  demand 
in  this  countr>',  and  the  small  amount  of  money  available  by  the 
Navy  for  development  work,  furnished  only  a  part  of  the  founda- 
tion for  the  increase  required  when  we  entered  the  war.  But 
attention  had  been  directed  to  our  possible  requirements  and  there 
were  a  number  of  people  who  had  spent  considerable  thought 
over  them  and  who  were  prepared  to  assist  commercial  firms  in 
developing  into  makers  of  navigational  instruments. 

A  few  years  before  the  war  the  repairing  of  navigational  in- 
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struments  by  outside  contract  was  so  unsatisfactory,  not  only  in 
regard  to  cost  but  in  the  time  taken  and  the  impractibihty  of  get- 
ting the  contractors  to  distinguish  between  urgent  jobs  and  those 
that  could  be  delayed,  that  the  Naval  Observatory  started  a  repair 
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shop  and  got  an  apj)r()priation   for  furnishing  a  suital)lc  building 
in  which  to  locate  the  shop. 

During  the  war  this  shoj)  was  invahiablo  not  only  for  the  work- 
it  turned  out,  but  because  the  foreman  and  mechanics  were  in  a 
position  to  advise  firms  undertaking  work  that  was  new  to  them 
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as  to  the  niachinen-  necessan-  for  their  plants  and  the  qiiaUfica- 
tions  of  their  mechanics. 

As  the  war  progressed  the  Naval  Observatory  found  that  it 
not  only  had  to  supply  a  tremendously  enlarged  Navy,  but  vessels 
taken  over  from  the  merchant  marine  for  transports  and  freight 
carriers,  and  finally  the  vessels  built  by  the  Shipping  Board. 

The  latter  has  helped  to  prevent  waste,  loss  to  contractors  and 
an  undue  accumulation  of  a  surplus  of  instruments  contracted  for 
before  the  armistice  was  signed  by  taking  them  over  for  their 
shipping  which  is  still  being  turned  out  in  large  numbers. 

One  of  the  most  urgent  needs  of  shipping  plying  in  the  sub- 
marine zone  was  for  large  numbers  of  binoculars  and  other 
glasses,  in  order  that  the  lookouts,  whose  numbers  were  greatly 
increased  over  those  required  in  times  of  peace,  might  pick  up 
and  distinguish  suspicious  objects  promptly.  To'  meet  this  de- 
mand a  call  was  made  on  the  citizens  of  the  country  by  the  Assis- 
tant Secretary  of  the  Navy,  Mr.  Roosevelt,  to  loan  their  glasses, 
and  any  navigational  instruments  they  might  have,  to  the  Navy 
for  the  duration  of  the  war.  The  response  from  patriotic  citizens 
was  so  enthusiastic  that  32,000  serviceable  pairs  of  glasses  were 
received,  and  those  that  could  be  were  issued  and  used. 
They  have  practically  all  been  returned  to  the  owners  with  suit- 
able acknowledgment. 

THE   LIBRARY 

One  of  the  features  of  the  Naval  Observatory  that  deserves 
mention  is  the  library,  which  is  believed  to  be  the  most  complete 
mathematical  and  astronomical  library  in  the  world. 

The  books  are  not  only  constantly  used  by  the  astronomers 
of  the  Observatory  but  by  others  engaged  in  mathematical  and 
astronomical  research. 

ECLIPSES 

In  checking  up  the  positions  of  the  sun  and  moon,  solar  eclipses 
furnish  a  means  of  verifying  their  relative  positions  by  marking 
the  times  of  contact,  and  for  this  purpose  the  Naval  Observatory 
has  sent  out  a  number  of  eclipse  expeditions,  and  at  the  same  time 
has  taken  advantage  of  them  to  make  photographs  of  the  sun's 
corona  and  to  afford  opportunities  for  spectroscopic  observa- 
tions of  it. 


460  J.    A.    HOOGEWERFF.  [J-  F-  I- 

DETERMINATIONS   OF    DIFFERENCES   OF   LONGITUDE 

The  Naval  Observatory  has  taken  part  in  or  assisted  with  a 
number  of  determinations  of  differences  of  longitude;  and,  in  the 
v^^inter  of  191 3-14  made  a  determination  of  the  difference  of 
longitude  between  Washington  and  Paris,  using  radio  signals 
between  the  Navy  Radio  Station  at  Arlington,  Virginia,  and  the 
Eiffel  Tower  at  Paris. 

This  work  was  done  in  duplicate  by  observers  from  the  Naval 
Observatory  and  by  the  French,  but  owing  to  the  war,  the  com- 
putation of  the  French  results  was  delayed  so  that  the  Naval 
Observatory  published  the  first  transatlantic  radio  determina- 
tion which  was  also  the  first  trans-Atlantic  determination  without 
intermediate  stations. 

The  distance  between  Washington  and  Paris  is  3830  miles 
and  radio  had  never  previously  been  used  for  longitude  determina- 
tions at  a  distance  exceeding  960  miles. 

When  the  French  results  were  obtained  they  were  found  to 
agree  very  closely  with  those  of  the  Observatory,  differing  only 
by  two  thousandths  of  a  second  of  time,  making  the  determination 
of  great  accuracy. 

DISCOVERY 

While  the  principal  observational  work  of  the  Observatory 
is  in  the  field  of  astronomy  of  position  as  distinguished  from 
astrophysical  work  and  discovery,  the  satellites  of  Alars  were 
discovered  by  Prof.  Asaph  Hall  of  the  Navy  with  the  26-inch 
Equatorial,  and  other  minor  discoveries  have  been  made. 

FACILITIES    FOR     THE     PUBLIC 

In  order  to  afford  the  general  public  a  view  of  the  heavens 
the  12-inch  equatorial  is  given  over  to  their  use  one  evenmg 
in  each  week,  cards  of  admission  being  issued,  and  the  Astrono- 
mer, in  charge,  besides  showing  celestial  objects,  gives  a  short 
talk  on  p()])ular  astronomy. 

SUMMARY 

To  sum  up,  the  Naval  Observatory  performs  four  principal 
functions,  which  are  not  only  absolutely  necessary  to  the  Navy 
and  Shipping  interests  of  this  country  but  to  the  country  at 
large.  These  functions  have  been  developed  by  the  Navy  as 
the  needs   for  them  have  arisen,  and  the  plant  has  been  pro- 
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vided  by  Congress  upon  the  representations  of  and  work  done 
by  the  Navy. 

These  functions  are : 

(a)  The  furnishing  and  transmission  of  daily  time  signals 
both  by  radio  and  telegraph. 

(b)  The  computing  and  preparing  for  publication  of 
the  American  Ephemeris  and  Nautical  Almanac  and  the  Nau- 
tical Almanac. 

(c)  The  continuous  maintenance  of  observations  for  absolute 
positions  of  the  fundamental  stars,  and  the  independent  deter- 
mination by  observations  of  the  sun,  of  the  position  of  the 
ecliptic,  and  of  the  equator  among  the  stars,  and  of  the  positions 
of  the  stars,  moon,  and  planets  with  reference  tO'  the  equator  and 
equinoxes  in  order  to  furnish  data  to  assist  in  preparing  the 
American  Ephemeris  and  Nautical  Almanac  and  improving  the 
tables  of  the  planets,  moon,  and  stars.  At  the  same  time  this 
department  furnishes  the  observations  for  determining  the  time. 

(d)  The  development,  supply,  upkeep  and  inspection  of  all 
navigational  instruments  for  the  Navy,  which  incidentally  the 
Observatory  has  practically  done  for  the  Shipping  Board,  and 
has  established  standards  for  the  growing  merchant  marine  of 
the  country. 

The  Naval  Observatory  started  the  development  of  the  Hydro- 
graphic  Office;  made  the  first  systematic  meteorological  and 
magnetic  observations  at  the  Capital ;  and  has  lately  fostered  the 
development,  amongst  many  other  instruments,  of  those  neces- 
sar\'  for  the  navigation  of  submarines  and  air  craft. 


Alcohol  from  Wood.  {Chemical  Age,  vol.  ii,  1920,  329.) — The 
production  of  ethyl  alcohol  from  wood  has  long  been  a  matter  of 
investigation.  The  vast  amount  of  wood-waste,  for  which  but  little 
use  is  made  other  than  for  fuel  has  made  the  question  one  of 
great  practical  importance.  That  cellulose,  the  most  character- 
istic proximate  principle  of  wood,  is  of  the  same  type  as  starch 
and  sugar  and  capable  of  conversion  into  a  fermentable  carbo- 
hydrate, dextrose,  commonly  called  glucose,  has  long  been  known. 
In  the  article  from  which  this  abstract  is  being  made,  F.  W. 
Kressman  gives  a  great  deal  of  interesting  information  and  pre- 
sents the  practical  side  of  the  utilization  of  wood  as  a  source  of 
ethyl  alcohol.    As  a  preliminary  he  gives  some  data  in  regard  to 

Vol.  189,  Xo.  11 32 — 34 
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the  cost  of  alcohol  from  other  sources.  A  bushel  of  maize  yields 
about  2.4  United  States  gallons  of  95  per  cent,  alcohol,  and  a 
residuum  of  about  15  pounds  of  distillers'  grains,  having  a  value 
equal  to  or  even  greater  than  that  of  the  original  grain.  Molasses 
3-ields  per  gallon  rather  less  than  half  a  gallon  of  95  per  cent, 
alcohol.  Recently,  because  of  high  sugar  prices,  the  sugar  con- 
tent of  molasses  has  been  stripped  more  closely  and  the  yield  of 
alcohol  will  be  diminished. 

The  production  of  ethyl  alcohol  from  wood  is  based  upon  the 
hydrolytic  effect  of  dilute  acid  on  cellulose.  Kressman  gives  the 
cost  of  grain  alcohol  before  the  war  as  from  10  to  17  cents  per 
gallon,  and  from  molasses  somewhat  less.  These  figures  seem  a 
little  low,  but  at  any  rate,  present  prices  are  decidedly  higher, 
alcohol  from  grain  costing  about  22  cents  per  gallon  and  from 
molasses  about  18  cents.  Coniferous  woods  will  generally  yield 
from  12  to  20  gallons  of  95  per  cent,  alcohol  per  ton  of  dr}^  wood, 
and  coniferous  wood-waste  about  the  same  amount.  The  produc- 
tion of  commercial  alcohol  from  corn  is  now  practically  stopped 
with  corn  at  $1  per  bushel. 

The  first  step  in  the  process  of  obtaining  alcohol  from  wood  is 
digestion  at  a  pressure  of  115  pounds  for  fifteen  minutes  in  a  little 
less  than  2  per  cent,  of  H2SO4  per  100  pounds  of  dry  wood,  the 
acid  being  largely  diluted,  of  course,  to  avoid  carbonization.  The 
cooked  wood  resembles  coffee  grounds  and  the  mass  contains  the 
sugars.  It  is  transferred  to  the  "  diffusion  battery,"  which  consists 
of  a  series  of  cylindrical  cells  so  connected  that  water  may  be 
passed  through  them  in  rotation.  From  these  cells  an  extract 
called  "  acid  juice  "  is  obtained  which  holds  in  solution  practi- 
cally all  the  sugar  mixed  with  other  water-soluble  ingredients. 
This  liquid  is  neutralized,  either  with  high-grade  limestone  or 
slaked  lime.  Calcium  sulphate  is  produced  which  requires  about 
twelve  hours  for  settling.  The  clear  juice  is  drawn  off  and 
cooled  to  about  88°  F..  yeast  added,  and  the  fermentation  carried 
on  in  the  usual  way.  The  juice  must  be  slightly  acid,  as  ordinary 
yeasts  do  not  function  well  in  alkaline  solutions.  By  distillation 
the  alcohol  is  obtained  and  may  l)e  readily  refined  to  the  grade  of 
cologne  spirit  by  well-known  methods. 

Kressman  figures  that  the  manufacturing  expense,  excluding 
office  and  sales  expense,  and  package  costs,  also,  unless  goods  are 
shii)pcd  in  tank  cars,  will  be  about  21.5  cents  per  gallon.  In  some 
cases,  as  when  coniferous  woods  are  used,  turpentine  and  other 
by-products  may  be  obtained  which  will  reduce  the  net  cost. 
The  acid  juice  contains  a  considerable  amount  of  carbohydrates 
not  ordinarily  fermentable,  and  investigations  into  these  are  in 
progress.  Lastly,  it  is  stated  that  under  present  conditions  the 
processes  can  be  conducted  with  ])r()fit  only  in  rather  large  plants. 

11.  L. 


AN    AERODYNAMICAL   TORSION    BALANCE.* 
A.  F.  ZAHM,  Ph.D. 

Bureau  of  Construction  and  Repair,  U.  S.  N. 

It  frequently  has  been  found  necessary  to  determine  the  torque 
of  aerodynamic  models  about  a  single  axis,  or  to  find  the  axis 
of  zero  torque.  To  effect  this  rapidly  and  accurately  the  torsion 
balance  described  in  the  following  paragraph  was  developed  : 

As  shown  in  Fig.  i,  the  instrument  consists  of  a  vertical  steel 
spindle  rod  supported  from  a  torsion  head  by  means  of  a  thin  steel 
ribbon  and  steadied  in  at  least  two  places  by  ball  bearings,  the 
lower  end  of  the  shaft  terminating  a  short  distance  above  the 
centre  of  the  wind  tunnel  in  which  the  models  are  to  be  tested. 

The  supporting  stand  resting  on  the  floor  above  the  tunnel,  as 
shown  in  Fig.  2,  carries  two  horizontal  graduated  circles'  coaxial 
with  the  spindle,  one  just  above  the  ribbon,  the  other  just  below. 
A  pointer  fixed  to  the  spindle  and  playing  over  the  lower  circle 
shows  the  angular  position  of  the  model  with  respect  to  the  wind 
direction;  another  pointer  fixed  to  the  torsion  head  and  playing 
about  the  upper  circle  measures  the  angular  distortion  of  the  steel 
ribbon  by  comparison  of  its  orientation  with  that  of  the  lower 
pointer.  This  top  pointer  rests  with  considerable  friction  on  the 
upper  graduated  circle  and  forms  part  of  the  torsion  head  from 
which  depends  the  total  weight  of  the  spindle  and  model.  Resting 
on  the  floor  and  coaxial  with  the  spindle  is  a  sheet  metal  dash-pot 
containing  oil  or  water  and  serving  to  damp  the  vibration  of  the 
torsion  rod  by  means  of  paddles  shown  fixed  thereto.  Supported 
from  the  tunnel  ceiling  is  a  removable  brace  shown  in  dotted  out- 
line which  can  be  used  to  steady  the  spindle  in  case  of  severe 
lateral  forces  tending  to  bend  or  shake  it. 

The  apparatus  just  described  is  complete  in  itself  and  useful 
for  a  variety  of  tests,  but  for  other  tests  requires  the  supplemen- 
tary vertical  spindle  supported  on  the  floor  of  the  tunnel,  as  shown 
in  Fig.  I.  This  supplementary  spindle  is  steadied  by  two  ball 
bearings  inside  of  a  coaxial  bracing  pipe  through  which  it  may  be 
raised  or  lowered  slightly.  Sometimes  also  the  two  spindles 
form  one  continuous  rod,  as  shown  in  Fig.   3.     For  a  larger 

*  Communicated  by  the  Author. 
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Fig.  I. 


Torsion  balance  assembly. 
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vertical  adjustment  the  outer  pipe  itself  may  be  raised  or  lowered 
and  fixed  at  any  height  by  means  of  the  pin  holes  and  pin  shown 
in  the  drawing.  It  is  steadied  laterally  by  a  closely  fitting  plate 
in  the  floor  of  the  tunnel  and  a  bearing  in  the  metal  bracket  shown 


L'pper  part  of  torsion  balance. 

suspended  below  the  floor  of  the  tunnel.  When  not  in  use  this 
larger  pipe  is  dropped  down  so  that  its  top  becomes  flush  with 
the  interior  of  the  tunnel.  Both  spindles  are  removed  when 
not  in  use. 

Fig.  4  giving  the  calibration  diagram  for  the  torsion  spring, 
shows  that  the  angular  deflections  are  directly  proportional  to  the 
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torque,  according  to  Hooke's  Law.  The  calibration  was  effected 
by  means  of  suitable  weights  and  a  fine  cord  running  about  a 
grooved  disc  on  the  lower  end  of  the  spindle.  Readings  were 
taken  both  when  the  spindle  carried  a  model  and  when  unloaded, 
and  were  found  practically  the  same  for  moderate  loads.    So  long 

Fig.  3. 


Torsion  balance  used  to  measure  moment  on  airship  hull. 

as  the  axis  of  the  spindle  is  truly  vertical  there  is  no  tendency  to 
rotate  under  gravity  even  with  an  eccentric  load. 

Figs.  3  and  5  illustrate  applications  of  the  balance.  Fig.  3 
shows  a  Zeppelin  balloon  model  supported  on  a  single  vertical 
spindle  and  steadied  at  the  upper  and  lower  parts  of  the  tunnel 
and  allowed  to  assume  various  angles  in  yaw.  When  the  model 
is  tested  for  various  angles  of  pitch  it  is  supported  in  a  similar 
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manner,  but  rotated  about  its  own  axis  90°.  Fig.  5  shows  an 
aerofoil  supported  at  its  ends  by  means  of  the  upper  and  lower 
spindles  which  grip  it  by  means  of  the  forked  ends  shown,  the 
model  itself  being  capable  of  displacement  up  or  down  stream 
by  means  of  the  narrow  strips  attached  to  its  ends  and  clamped 
by  the  forks. 

In  such  tests  it  may  be  desirable  either  to  determine  the  axis 
of  no  torque  or  to  determine  the  torque  of  the  model  for  various 

Fig.  4. 


14 

Z' 

y 

\l 

y 

^ 

y 

^ 

10 

y 

y 

8 

UJ 

y 

y 

z 

y 

6 

—1 

/ 

^ 

LlJ 

2: 

y 

y 

4 

2: 

A 

) 

y 

2 

^ 

T 

'IDTh 
HID 

lOF 

;nes 

5PR 
.5  0 

NG 
■5P 

\m 

0. 
-0. 

750 

o;?5 

^ 

y 

X 

Will 

1  M{ 

)DEL 

RFf 

10V[ 

D 

y 

AN 

3UL 

AR 

DEF 

LEC" 

noN 

DEG 

IREE 

5 

0 

INI 

3  LAC 

E 

20  30  40  50  60  70  80 

Calibration  diagram  for  spring  of  torsion  balance. 


90 


100 


angles  of  incidence.  To  determine  the  axis  of  no  torque  the 
model  is  allowed  to  swing  freely  until  it  comes  to  rest  in  the 
wind  when  there  is  no  distortion  of  the  suspension  spring,  that  is, 
when  the  torsion  head  pointer  is  set  exactly  parallel  with  the  lower 
or  incidence  pointer.  To  determine  the  torque  of  the  wind  on 
the  model  for  any  particular  angle  of  incidence  the  torsion  pointer 
is  rotated  sufficiently  to  cause  the  incidence  pointer  to  indicate  the 
chosen  angle  of  incidence.  The  difference  of  reading  of  the  two 
pointers  then  gives  the  angular  deflection  of  the  ribbon,  or  the 
torque  by  reference  to  the  calibration  diagram. 

Fig.  6  shows  the  torsion  balance  mounted  on  a  wind-tunnel 
lid,  and  being  transported  to  its  working  position  on  top  of  the 
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tunnel.  When  not  in  use,  the  instrument  and  its  Hd  rest  on  a  rack 
at  one  side  of  the  laboratory.  Alodels  are  there  attached  to  the 
spindle  shank  and  made  to  swing  freely.  When  the  combination 
is  set  upon  the  tunnel,  all  is  ready  without  further  adjustment. 


Torsion  balance  used  to  measure  moment  on 
aerofoil. 


Torsion  balance  mounted  on  wind- 
tunnel  lid. 


The  stream-line  hanger  shown  suspended  under  the  lid  carries  a 
ball  bearing  at  its  top  and  bottom  to  steady  the  spindle.  Two  stay 
wires  hold  it  pluml)  and  prevent  trembling.  The  apparatus  is 
found  to  be  accurate  and  convenient. 


THE  PHOTOGRAPHIC  RENDERING  OF  TONE  VALUES. 

BY 

LOYD  A.  JONES. 

Physicist,  Research  Laboratory,  Eastman  Kodak  Company. 
INTRODUCTION. 

Photography  deals  with  the  reproduction  of  the  tone  values 
of  the  subject  in  the  form  of  variations  of  light  and  shade  in  the 
print,  each  tone  in  the  original  subject  being  represented  by  a 
corresponding  tone  in  the  finished  print,  and  it  is  the  object  of  the 
photographic  process  to  effect  a  reproduction  in  which  the  scale 
of  tones  in  the  finished  print  corresponds  as  closely  as  possible 
to  that  of  the  subject.,  or  in  which  the  scale  of  tones  is  modified 
in  a  known  manner,  either  from  necessity  due  to  the  limitations  of 
the  process  or  in  order  to  produce  the  desired  psychological  effect. 
It  should  be  emphasized  at  this  point  that  the  primary  object  in 
making  a  photograph  is  not  in  most  cases  the  exact  reproduction 
of  the  brightness  and  contrast  of  the  original,  but  rather  the 
production  on  a  flat  surface  of  variations  in  reflecting  power  such 
that  the  subjective  impression  obtained  when  this  surface  is 
viewed  under  a  specified  illumination  will  be  as  nearly  identical 
as  is  possible  with  that  produced  in  the  mind  of  the  observer  when 
viewing  the  objects  photographed.  In  discussing  the  reproduc- 
tion, therefore,  a  careful  differentiation  should  be  made  between 
the  two  phases  of  the  problem,  which  may  for  convenience  be 
termed  the  objective  and  subjective  phases.  The  former  deals 
with  the  reproduction  of  the  objective  brightness  and  contrast 
of  the  original,  such  factors  being  measurable  by  the  usual  physi- 
cal methods  of  photometry.  The  latter,  dealing  with  the  subjec- 
tive evaluation  of  physical  brightness  and  contrast,  requires  the 
application  of  those  psycho-physical  laws  which  determine  the 
subjective  impression  produced  by  the  action  of  various  physical 
stimuli  when  applied  to  an  eye  in  some  specified  state  of  sensitive- 
ness or  adaptation.  This  adaptation  level  is  in  turn  dependent 
upon  the  magnitude  and  time  of  application  of  the  physical  stimuli. 

It  is  proposed  in  this  article  to  trace  the  various  steps  in  the 
photographic  process  and  to  explain  the  factors  which  affect  the 
objective    photographic    rendering   obtained,    the    discussion    of 
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the  subjective  phase  being  entirely  ignored.  The  factors  of  im- 
portance in  tone  reproduction  may  be  classified  as  those  dealing 
with  the  distribution  of  light  and  shade  in  the  subject,  the  trans- 
lation of  the  tones  of  the  subject  in  the  making  of  the  negative  in- 
cluding the  effect  of  exposure  and  development,  the  scale  of  print- 
ing papers  and  the  translation  of  the  scale  of  the  negative  into 
the  scale  of  the  print,  and  finally  the  accuracy  of  the  entire  repro- 
duction itself,  as  shown  by  a  direct  comparison  of  the  print  with 
the  original  subject.  The  last  step  in  this  process  will  be  dealt 
with  in  a  later  paper  The  present  article  is  intended  to  form  an 
introduction  to  the  elementary,  theory  of  the  subject. 

THE  DISTRIBUTION  OF  LIGHT  AND  SHADE  T.N  THE  SUBJECT. 

When  a  pictorial  representation  of  a  natural  object  is  made 
upon  a  flat  surface,  it?  form  may  be  represented  by  areas  differing 
in  brightness  and  color.  A  painter,  for  instance,  employs  both 
means,  while  a  black  and  white  draughtsman  confines  himself  to 
differences  of  brightness,  ignoring  color.  Witli  the  exception  of 
special  branch  of  color  photography,  photography  deals  only  with 
the  reproduction  of  objects  by  different  gradations  of  light  and 
shade,  and  in  this  article  we  shall  not  only  ignore  the  question  of 
reproduction  in  color  but  also  the  fact  that  natural  objects  have 
different  colors,  and  shall  consider  the  problem  of  their  reproduc- 
tion as  if  everything  consisted  of  areas  differing  only  in  bright- 
ness, that  is,  a  series  of  grays  of  which  black  and  white  are  the 
limiting  members.  Thus  we  shall  deal  with  the  tone  gradations 
of  natural  objects  but  shall  ignore  the  fact  that  they  have  also 
differences  of  color.  The  translation  of  differences  of  color  into 
monochrome  is  best  considered  as  a  separate  branch  of  photog- 
raphy, which  is  called  "  orthochromatic"  photography  or  the 
photography  of  colored  objects — and  it  is  not  proposed  to  take  up 
this  subject  in  the  present  article. 

Ignoring  the  question  of  color,  therefore,  it  is  necessary  in 
order  to  get  a  precise  objective  representation  of  nature  to  obtain 
a  reproduction  as  accurate  as  possible  of  the  whole  scale  of  tones 
occurring  in  the  scene  which  is  being  photographed. 

The  word  "  tone  "  as  used  in  this  paper,  it  shmild  be  noted,  is 
practically  synonymous  with  "  brightness,"  being  indicative  of 
the  intensity  factor  of  the  radient  flux  which,  when  it  falls  upon 
the  retina  i)roduces  the  sensation  of  light.    The  word  "  tone  "  has 
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been  used  in  some  cases  to  indicate  the  quality  factor  (i.e.,  hue, 
or  saturation),  but  in  the  Hterature  of  photography  its  usage 
has  been  ahnost  exchisively  as  indicative  of  the  intensity  factor. 
This  precedent  seems  amply  sufficiejit  to  warrant  its  continued 
use  in  this  sense  and  hence  throughout  this  paper  it  should  be 
inteq)reted  as  referring  to  the  intensity  factor,  i.e.,  brightness. 
Areas  differing  in  tone,  therefore,  differ  in  brightness,  or  if  they 
are  subject  to  identical  illumination  they  differ  in  reflecting 
power  and  a  tone  scale  consists  of  a  series  of  areas  differing 
in  brightness  or  in  the  special  case  of  a  flat  surface  uniformly  illu- 
minated of  areas  differing  in  deflecting  power. 

In  natural  objeccs  these  tone  gradations  are  produced  by  dif- 
ferences both  in  the  reflecting  power  and  in  the  illumination  of  the 
object.  The  brighti^ess  of  any  portion  of  a  natural  object  will 
depend,  therefore,  upon  the  illumination  falling  upon  it  and  also 
upon  its  reflecting  power.  Objects  differ  very  much  in  reflecting 
power,  the  range  being  from  90  per  cent,  for  white  chalk  to  i  per 
cent,  for  black  velvet.  The  ratio  of  the  highest  to  the  lowest 
brightness  present  in  any  sense  may  be  referred  to  as  the  "  con- 
trast "  of  that  scene,  so  that  if  we  have  a  uniformly  illuminated 
field  in  which  is  an  area  of  white  chalk  reflecting  90  per  cent, 
of  the  light  and  also  black  velvet  reflecting  only  i  per  cent.,  the 
contrast  will  be  90  to  i,  or  simply  90. 

Natural  subjects  like  landscapes  may  have  a  greater  contrast 
than  this  owing  to  their  variation,  not  only  in  reflecting  power  but 
also  in  illumination ;  however,  most  landscapes  have  less  contrast 
than  the  example  given.  As  a  result  of  the  measurement  of  a 
number  of  photographic  subjects,  we  may  say  that  a  contrast 
of  4  to  I  would  be  an  extremely  short  scale  or  low  contrast — a 
range  which  would  occur  in  such  scenes  as  the  streets  of  a  north- 
em  city  on  a  dull  day  in  winter.  A  scale  of  10  to  i  would  be  a 
very  soft  contrast,  one  of  20  to  i  a  soft  contrast,  while  a  subject 
having  a  scale  of  40  to  i  would  be  considered  as  a  subject  of  nor- 
mal contrast.  The  measurement  of  contrast  in  natural  subjects 
such  as  landscapes  can  be  made  by  means  of  a  portable  illumino- 
meter  fitted  with  a  standard  lamp  and  calibrated  for  the  measure- 
ment of  brightness.  By  the  measurement  of  the  brightness  values 
of  a  number  of  natuial  subjects,  the  greatest  contrast  was  found 
in  a  landscape  which  mcluded  a  shadow  in  a  wood  and  sunlit  hills 
above  a  river.     A  total  range  of  250  to  i   (contrast  =  250)  was 
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obtained,  the  sky  being  250  times  as  bright  as  the  deepest  shadow 
in  the  wood. 

In  studio  work  the  contrast  is  governed  largely  by  the  charac- 
ter of  the  lighting.  It  was,  for  example,  found  by  actual  meas- 
urement that  the  contrast  between  a  white  waist  and  a  black  skirt 
on  a  sitter,  when  the  lighting  was  of  average  quality,  was  40  to  i, 
while  the  same  subject  under  a  softer  lighting  gave  a  contrast 
of  30  to  I.  In  line  lighting  the  contrast  obviously  may  be  very 
great  indeed.  In  general,  in  home  portraiture,  it  is  difficult  to  keep 
the  contrast  low  and  at  the  same  time  secure  lightings  pleasing 
from  an  artistic  standpoint.  Measurement  showed  that  typical 
cases  gave  a  contrast  of  65  to  i  on  the  sitter.  When  rather  dark 
room  furnishings  form  the  background,  the  contrast  between,  say, 
a  sitter's  waist  near  the  window  and  the  darkest  portion  of  the 
background  may  easily  be  100  to  i. 

THE   TRANSLATION   OF   THE   TONES  OF  THE  SUBJECT  INTO   THE   OPACITIES 

OF   THE   NEGATIVE. 

The  purpose  of  the  photographic  process  is,  as  has  already 
been  mentioned,  to  reproduce  the  scale  of  tones  which  occurs  in  the 
subject  photographed  as  a  corresponding  scale  of  tones  in  the 
print,  and  the  first  step  toward  accomplishing  this  is  the  produc- 
tion of  the  negative.  If  this  operation  does  not  involve  any 
distortion  of  the  scale  of  tones,  we  may  say  that  we  have  a  "  tech- 
nically perfect  "  negative;  and  we  may  define  a  technically  perfect 
negative  as  one  in  which  the  opacities  of  the  various  areas  are 
proportional  to  the  light  reflected  by  the  parts  of  the  original 
subject  which  they  represent. 

By  the  "opacity  ''  of  a  negative  we  mean  the  inverse  of  the 
transparency.  Thus,  if  we  have  light  of  intensity  /  falling  upon 
a  silver  deposit  and  the  deposit  transmits  an  intensity  /,,  then 
we  may  write 

/ 


and 


Transparency  as  T    =     . 


Opacity,  as  0  =  —  =  -r 


Now,  it  can  be  shown  experimentally  that  the  mass  of  silver 
per  unit  area  is  proportional  to  the  logarithm  of  (),  and  it  is 
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customary  in  photographic   work  to  call  this  quantity  D,  the 
density,  so  that  we  have 

D   =  log  O  =  log  -^ 

In  practical  photographic  work  the  logarithms  used  are  com- 
mon logarithms  so  that  a  density  of  unity  will  correspond  to  an 
opacity  of  10,  and  a  deposit  having  this  density  will  transmit  i/io 
of  the  light.  Similarly,  a  deposit  transmitting  i/ioo  of  the  light 
will  have  a  density  of  2,  and  one  transmitting  i/iooo  of  the  light 
a  density  of  3.  It  will  readily  be  seen  that  when  we  place  two 
deposits  over  each  other  we  can  find  their  joint  density  by  adding 
the  separate  densities.  Thus,  if  we  have  one  deposit  transmitting 
i/a  of  the  light  and  another  i/b  of  the  light,  the  corresponding 
densities  w'ill  be  respectively  log  a  and  log  b.  When  the  two  de- 
posits are  superimposed,  they  will  transmit  i/ax  i/h,  correspond- 
ing to  a  density  of  log  a  +  log  h.  We  see,  therefore,  that  if  we 
have  a  geometrical  series  of  opacities,  we  shall  have  an  arithmeti- 
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Reproduction  of  sensitometric  strip. 

cal  series  of  densities;  and  therefore  a  geometrical  series  of 
opacities  will  correspond  to  an  equal  addition  of  silver  for  each 
step  since  the  silver  is  proportional  to  the  density  and  not  to 
the  opacity. 

Let  us  apply  this  to  a  photographic  example.  Take  a  strip 
of  plate  and  expose  a  portion  of  it  to  light  just  long  enough  to 
produce  on  it  a  barely  perceptible  blackening  after  development; 
then  expose  another  portion  for  twice  the  time,  another  for  four 
times,  another  for  eight  times,  another  for  sixteen  times,  and  so 
on,  so  that  our  strip  will  finally  be  made  up  of  steps  which  have 
received  amounts  of  light  in  the  proportion  i -2-4-8- 16-32-64- 128- 
256-512.  We  might  do  this  by  making  an  instrument  which 
would  give  different  intensities  of  light  in  the  form  of  steps  and 
then  exposing  the  plate  in  this  instrument,  but  in  practice  it  is 
generally  more  convenient  to  give  a  series  of  different  times 
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of    exposure.     Fig.     i     represents    the    negative    we    shall    get 
after  development. 

If  the  negative  correctly  represents  these  different  times  of 
exposure  in  the  opacities  obtained,  the  opacities  should  be  in  the 
same  numerical  ratio  as  the  times  of  exposure,  that  is,  they  should 
be  1-2-4-8-16-32-64-128-256-512,  and  since  each  time  the  opacity 
is  doubled  the  density  increases  by  an  equal  amount,  the  density 
(that  is,  the  amount  of  silver)  would  be  in  the  proportion 
0-1-2-3-4-5-6-7-8-9,  as  shown  in  the  follownig  table: 

Exposures    i     2     4     8     16    32     64     128    256    512 

Opacities    i     2    4    8     16    32    64     128    256    512 

Densities    0     i     2    3      4      s      6        7        8        9 

Fig.  2. 


2  3  4  5  6  7 

Diagrammatic  cross  section  through  ideal  negative. 


that  is,  if  we  cut  an  imaginary  sectioji  through  the  negative  so  as 
to  show  the  height  of  the  deposit  of  silver,  it  would  look  as 
shown  in  Fig.  2. 

If  we  actually  try  this  experiment  upon  a  plate,  however,  we 
find  that  the  densities  do  not  show  this  equal  rise  with  exposure 
throughout  the  entire  scale.  What  we  get  instead  is  shown 
in  Fig.  3,  and  this  diagram  requires  careful  study.  Starting  at 
A  and  proceeding  to  B,  we  notice  that  at  the  l)eginning,  in  the 
lower  exposures,  the  steps  are  marked  by  a  gradually  increasing 
rise.  A  negative,  the  gradations  of  which  fall  in  this  period, 
will  yield  prints  in  which  an  increasing  contrast  is  shown  between 
tones  of  uniform  increase  of  brightness;  that  is  to  say,  the  nega- 
tive will  appear  what  we  term  "  under-exposed."  From  this 
period  at  B  we  pass  imperceptibly  into  the  period  where  the  densi- 
ties show  uniform  rise  for  each  equal  increase  (^f  exposure,  and 
here  we  have  our  technically  perfect  negative  ,  that  is,  one  in  which 
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the  opacities  are  exactly  proportional  to  the  light  intensities  of 
the  subject.  This  1=  termed  the  "  period  of  correct  exposure," 
and  only  through  this  period  of  the  curve,  where  the  opacities 
are  directly  proportional  to  the  exposures  and  where  the  densities 
show  an  equal  increase  each  time  the  exposure  is  doubled,  can  we 
get,  in  the  negative,  a  perfect  rendering  of  the  original  subject. 
From  the  point  C  onwards  we  have  a  gradually  diminishing  in- 
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Sensitometric  strip  with  resulting  density  cu;ves. 

crease  of  density  with  exposure  until  finally  the  increase  of 
density  with  further  exposure  becomes  imperceptible.  This 
period  is  the  period  of  over-exposure,  in  which  the  opacities  of 
the  negative  fail  to  respond  to  increasing  amounts  of  exposure, 
and  the  correctness  of  rendering  is  again  lost.  It  will  be  seen 
from  this  curve  at  once,  then,  that  only  through  the  period  of 
correct  exposure,  where  equal  increases  of  exposure  are  repre- 
sented by  equal  rises  in  density  can  the  tones  of  the  original  sub- 
ject be  correctly  reproduced  in  the  negative. 
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This  curve  showing  the  relation  between  the  density  and  the 
log  exposure  was  given  originally  by  Hurter  and  Driffield  in  their 
classic  paper  on  photographic  theory.*  The  curve  was  termed 
by  them  the  "  characteristic  curve,"  and  the  form  in  which  it 
is  usually  plotted  is  shown  in  Fig.  4.  As  has  already  been 
stated,  throughout  the  period  of  correct  exposure  the  curve  is 
represented  by  a  straight  line.  If  this  straight  line  is  produced 
to  cut  the  exposure  axis,  it  will  meet  it  at  a  point  log  i,  where  i 
was  termed  by  Hurter  and  Driffield  the  "inertia  "of  the  sensitive 

Fig.  4. 
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Characteristic  curve  showing  available  latitude. 

material,  the  value  being  stated  in  exposure  units  so  that  the 
intercept  of  the  straight  line  on  the  exposure  axis  is  measured  as 
the  logarithm  of  the  inertia. 

The  tangent  of  the  angle  which  the  straight  line  makes  with 
the  exposure  axis  was  called  by  Hurter  and  Driffield  the  "  de- 
velopment factor"  and  is  signified  by  7.  During  development 
the  inertia  point  i  does  not  change,  as  is  shown  in  Fig.  5,  but 
the  steepness  of  the  straight-line  portion  of  the  curve  increases 

*  F.  Hurter  and  V.  C.  Driffield,  lour.  Soc.  Chem.  Ind.,  May,  1890. 
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so  that  gamma  depends  upon  the  time  of  development.  The  equa- 
tion for  the  straight-hne  portion  of  the  characteristic  curve 
is  therefore 

D  =  ;  (log  E  -  log  i) 

A  scale  of  tone  values  will  be  proportionately  reproduced  in  a 
negative  in  so  far,  and  only  in  so  far,  as  it  falls  within  the 
straight-line  region  of  this  cun-e,  the  length  of  the  straight-line 
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EXPOSURE 
Change  of  gamma  with  time  of  development. 


portion  being  termed  the ."  latitude  "  of  the  material.  This  prop- 
erty varies  very  much  in  different  negative-making  materials,  be- 
ing least  in  contrasty  process  plates  and  greatest  in  long  scale 
portrait  plates.  The  total  range  of  exposures  falling  on  the 
straight-line  portion  of  the  longest  scale  plates  may  be  as  great 
as  I  to  2CX),  and  a  subject  having  a  scale  of  i  to  40  may  therefore 
be  placed  within  the  straight-line  portion  of  the  negative  with 
exposures  varying  from  i  to  5,  this  being  the  effective  latitude 
of  exposure  available  on  such  a  material  without  any  effect" being 
Vol.  189,  Xo.  1132—35 
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produced  upon  the  accuracy  of  the  tone  rendermg.  The  conditions 
for  correct  translation  of  the  tones  of  the  subject  into  correspond- 
ing opacities  in  the  negative  are  therefore : 

1.  That  the  neg^itive  material  has  a  long  straight-line  portion 
to  its  curve. 

2.  That  the  exposure  is  such  that  the  scale  of  intensities 
of  the  subject  falls  entirely  within  this  straight-line  portion. 

THE  EFFECT  OF  DEVELOPMENT  UPON   THE  SCALE  OF  THE   NEGATIVE. 

As  is  shown  in  Fig.  5,  two  negatives  developed  for  different 
times  will  give  curves  similar  in  shape  with  their  straight-line 
portions  meeting  at  the  same  point  on  the  exposure  axis,  but  the 
slope  of  the  two  curves  will  be  different,  that  developed  for  the 
longer  time  being  steeper  than  that  developed  for  a  shorter  time. 
This  result  was  found  by  Ilurter  and  Driffield,  and  it  follows 
from  it  that  the  ratio  of  the  densities  in  a  photographic  negative 
remains  constant  throughout  development,  each  density  increas- 
ing to  the  same  proportional  extent.  The  value  of  /  is  therefore 
a  measure  of  the  contrast  of  a  negative,  and  it  is  customary  to 
express  such  contrasts  in  terms  of  the  numerical  value  of  y,  i.e., 
of  tan  6  where  0  is  the  angle  made  by  the  straight  line  with  the 
exposure  axis.  Thus,  with  y  equal  to  unity,  the  rate  of  increase 
of  density  is  proportional  to  the  logarithmic  increase  of  exposure, 
and  the  opacities  of  the  negative  are  exactly  proportional  to  the 
intensities  of  the  subject  photographed. 

During  development  7  increases  from  O  to  a  limiting  value 
Too-  The  rise  of  ^  is  exponential,  the  velocity  of  development 
being  represented  approximately  by  the  equation  for  a  reaction 
of  the  first  order,  which  may  be  written 

1  }'<» 

K  =  -  log  -- 


t      <=  yco    -  y 

or,  in  the  exponential  form 

y   =  700  (1  —  c 

Figs.  6  and  7  show  the  calculated  "^'s  for  a  material  having  a  "yoo 
of  2  o  and  a  value  of  k  of  .100.  The  value  of  '>'<»  depends  upon 
the  photographic  material  itself.  High  speed  portrait  plates  have 
low  values  since  no  portrait  requires  development  to  a  "^  exceeding 
unity.  Plates  used  for  landscape  work  and  commercial  photog- 
raphy have  higher  values'and  will  give  greater  contrast  on  develop- 
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ment.  They  develop  more  quickly  and  easily  and  give  contrasts 
exceeding-  the  maximum  to  which  the  fast  materials  can  be 
pushed,  while  the  greatest  contrast  of  all  is  obtained  with  the 
special,  low-speed  enuilsions  made  for  process  work,  where  every 
effort  is  made  to  get  the  greatest  possible  contrast  in  order  to 
obtain  clear  lines  on  a  completely  opaque  field.  The  maximum 
contrast  given  by  process  plates  is  frequently  as  high  as  4,  which 

Fig.  6. 


EXPOSURE 

Variation  of  gamma  with  time  of  development. 


means  that,  if  we  have  two  tones  in  the  original  subject,  one  of 
which  is  twice  as  bright  as  the  other,  the  part  representing  the 
higher  tone  in  the  negative  w^ill  transmit  only  one-eighth  of  the 
light  of  that  corresponding  to  the  lower  tone.  Fig.  7  shows  the 
curves  of  four  different  plates  of  the  same  manufacture,  each 
having  been  developed  to  the  maximum  contrast  possible.  The 
notable  differences  in  sentitiveness,  scale,  and  contrast  are  very 
well  shown  in  this  figure. 

The  contrast  to  which  a  negative  should  be  developed  will. 
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of  course,  depend  upon  the  contrast  of  the  original  subject. 
Suppose  that  we  have  a  range  of  brightness  values  from  i  to  lOO 
in  our  subject.  If  we  develop  th^  negative  to  a  contrast  of  unity, 
and  if  the  length  of  the  straight  line — representing  the  quality  of 
the  material — and  the  exposure  are  such  that  we  get  exact  repro- 
duction of  the  entire  scale  of  the  subject  in  the  negative,  we  shall 
have  a  negative  in  which  the  ratio  of  the  highest  to  the  lowest 

Fig.  7. 
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transmission  is  the  same  as  that  of  the  highest  to  the  lowest  bright- 
ness of  the  subject;  namely,  i  to  100.  If  this  scale  of  negative 
densities  is  too  great  for  printing  on  the  papers  which  are  avail- 
able, we  can  reduce  the  scale  by  lowering  the  contrast  of  the 
negative;  that  i.s,  by  developing  the  negative  for  less  time,  which 
will  reduce  each  density  in  the  same  proportion.  On  the  other 
hand,  in  the  case  of  "flat"  subjects  (low  contrast)  wc  can 
lengthen  the  time  of  development,  thus  increasing  the  resulting 
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contrast  in  the  negative.  Provided  that  the  contrast  of  the  sub- 
ject is  not  too  great  for  the  latitude  of  the  negative  material  and 
that  the  exposure  is  such  that  the  tone  scale  of  the  subject  falls 
on  the  straight-line  portion  of  the  curve,  development  to  a  gamma 
of  unity  will  make  the  scale  of  intensities  (i.e.,  transmission 
values)  of  the  negative  the  exact  inverse  of  the  scale  of  intensities 
(brightness  values)  of  the  subject. 

Fig.  8. 
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PRINTING    PAPER. 

The  characteristic  curve  of  a  printing  paper  can  be  determined 
in  exactly  the  same  way  as  that  of  a  negative-making  material 
except  that  instead  of  measuring  the  light  transmitted  by  the 
various  densities,  the  light  reflected  from  the  various  portions 
of  the  print  must  be  measured.  We  thus  get  a  series  of  reflection 
densities  from  the  paper  corresponding  to  the  transmission  densi- 
ties of  the  negative.  The  characteristic  curve  of  a  paper  will 
be  of  the  form  shown  in  Fig.  8. 

It  will  be  seen  that  the  following  constants  will  be  of  impor- 
tance in  specifying  the  properties  of  photographic  paper.     The 
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maximum  black;  t]iat  is,  the  reflecting  power  of  the  darkest 
(minimum  reflecting  power)  deposit  that  can  be  obtained  on  the 
paper  with  full  development  and  exposure.  Such  a  deposit  may 
reflect  from  2  per  cent,  to  10  per  cent,  of  the  incident  light, 
the  average  value  of  the  maximum  black  for  photographic  papers 
being  about  5  per  cent.,  corresponding  to  a  reflection  density 
of  1.30.  Matte  papers  will  give  a  reading  from  i.io  up  to  1.35; 
semi-matte  papers  from  1.35  to  1.50;  and  glossy  papers  from  1.50 
to  1.8.  The  total  scale  of  the  paper  may  be  defined  as  the  range 
of  light  intensities,  expressed  either  in  log  exposure  or  exposure 
units,  which  can  be  reproduced  by  the  paper  as  perceptibly  dif- 
ferent densities.     This  must  be  determined  by  some  assumption 

of  the  value 

dd 
d  log  E 

which  limits  the  useful  gradient  of  the  curve.  In  practice,  the 
total  scale  of  the  paper  is  taken  as  the  distance  measured  on  the 
exposure  axis   between   the  points  on   the  curve   at   which   the 

value  of  (1\q  E  '^^  ■^-  ^^^^  total  scale  of  a  paper  will  consist  of 
three  distinct  parts — the  under-exposed  portion,  the  straight-line 
portion,  and  the  over-exposed  portion  of  the  curve.  The  slope  of 
the  straight-line  portion  can  be  represented  by  '>',  though  ^  does 
not  change  with  development  in  the  case  of  gaslight  printing 
papers  in;  the  same  way  as  in  the  case  of  negative  materials.  It 
is  quite  possible  for  two  papers  to  have  the  same  scale  but  different 
values  of  '^.  This  is  shown  in  Fig.  9,  where  the  paper  marked 
B  has  a  much  steeper  straight-line  portion  than  the  one  marked  A, 
but  both  have  the  same  total  scale  value. 

In  choosing  a  prq^er  for  printing  from  a  given  negative,  it  is 
obvious  that  if  all  different  densities  in  the  negative  are  to  be 
rendered  as  different  densities  in  the  print,  the  exposure  scale  of 
the  paper  must  be  at  least  as  great  as  the  difference  between  the 
maximum  density  and  the  minimum  density  of  the  negative. 
If  the  maximum  density  of  a  negative  is  1.7  and  the  minimum 
density  is  .4,  the  logarithmic  scale  of  the  paper  must  be  1.3.  or 
the  scale  in  exposure  units  must  be  20. 

In  order  that  papers  may  l>e  suitable  for  various  types  of 
negatives,  they  are  made  with  different  scales.  Thus,  papers 
for  amateur  negatives,  which  lend  to  flatness,  are   made   with 
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fairly  short  scales  ranging  from  20  exposure  units  down  to  5  in 
the  most  contrast}-  paper  made,  this  being  suitable  only  for  nega- 
tives with  a  maximum  density  difference  of  .7.  On  the  other 
hand,  the  scales  of  papers  intended  for  portraiture,  where  the 
negatives  are  of  good  quality  and  have  a  long  scale  of  densities, 
are  of  the  order  of  40  to  60. 

Exact  reproduction  of  the  lone  values  of  the  negative  and 
consequently  of  the  subject  upon  the  printing  paper  can  be  accom- 

FlG.  9. 
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Illustrating  equality  in  total  scale  of  different  papers. 

plished  only  through  the  straight-line  portion  of  the  characteristic 
curve  of  the  printing  paper.  Owing  to  the  narrow  range  of 
reflecting  powers  available  in  prints,  however,  it  is  almost  impera- 
tive to  use  the  entire  density  scale  of  the  paper  and  consequently 
to  sacrifice  truth  of  rendering  at  both  ends  of  the  scale,  since 
the  straight-line  portion  of  the  curve  of  the  printing  paper  covers 
only  a  small  part  of  the  total  scale.  The  ratio  of  the  straight-line 
portion  of  the  total  r-cale  is  termed,'  the  "  rendering  power  "  of  a 
printing  paper,  and  this  ratio  measures  the  capacity  of  a  paper 
tc  give  correct  proportional  reproduction  of  a  scale  of  exposures. 
Thus,  a  paper  that  is  perfect  in  rendering  power  would  throughout 
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its  total  scale  produce  densities  proportional  to  the  exposure.  It  is 
not  necessary  for  correct,  proportional  rendering  for  the  slope  of 
the  straight-line  portion  to  be  unity,  for  as  long  as  the  line  is 
straight,  the  rendering  is  proportional,  but  a  change  in  the  value  of 
'y  will  produce  a  change  in  the  proportionality  factor,  that  is,  in  the 
contrast.  It  is  obviously  impossible  with  photographic  papers  to 
obtain  an  exact  reproduction  of  a  scale  of  tones  extending  over  a 
very  wide  range  such  as  exists  in  practical  work.  As  has  been 
shown,  it  is  possible  to  reproduce  exactly  in  the  negative  a  range 
of  brightness  of  from  i  to  40  and  still  retain  a  latitude  of  exposure 
of  I  to  5,  but  the  maximum  range  of  the  reflecting  power  in  the 
straight-line  portion  of  the  curve  of  any  printing  paper  is  very 
limited  and  in  order  to  reproduce  a  range  of  tones  greater  than 
this  maximum  it  is  necessary  either  to  compress  the  scale  by 
developing  the  negative  to  a  lower  gamma,  thus  changing  the 
proportionality  factor  of  reproduction,  or  to  utilize  portions  of  the 
characteristic  curve  lying  outside  the  latitude  of  the  paper  and 
thus  depart  from  correct  rendering. 

Eastman  Kodak  Company, 
Rochester,  N.  Y. 
December,  1919. 


Pollution  of  Deep  Wells  at  Lansing,  Michigan,  is  described 
by  the  State  Sanitary  Engineer,  Major  Edward  D.  Rich,  in  the 
American  Journal  of  Public  Health,  1920,  x,  147-151.  The  water 
supply  of  Lansing  is  derived  from  32  wells  whicli  vary  in  depth 
from  350  to  400  feet.  The  water  became  contaminated  with 
polluted  ground  water;  an  epidemic  of  dysentery  and  typhoid  re- 
sulted; and  chlorination  became  necessary  to  provide  a  safe 
supply.  When  such  wells  are  constructed  in  the  best  possible 
manner,  three  avenues  still  exist  by  which  dangerous  pollution 
may  suddenly  occur.  The  joints  and  piping  may  deteriorate. 
Pumping  in  excess  of  the  normal  capacity  of  the  wells  tends  to 
open  the  texture  of  sandstones  and  to  enlarge  any  fissures  which 
may  be  present ;  entrance  of  surface  water  seepage  is  thereby 
facilitated.  Another  well  may  be  sunk  to  the  same  water-bear- 
ing stratum  in  the  search  for  water,  oil,  or  salt,  then  be  abandoned 
without  l^lugging  sufficiently  tight  to  exclude  surface  water. 
The  conclusion  is  drawn  that  deep  wells  situated  in  the  midst 
of  urban  development  require  the  same  watchful  care  that  would 
be  given  to  a  shallow  well  supply  or  to  a  surface  supply  known 
to  be  subject  to  periodical  contamination.  This  care  is  a  requisite 
even  though  the  depth  and  mode  of  construction  of  the  wells 
would  seem  to  render  it  unnecessary.  J.  S.  H. 
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Flotation  is  a  process  of  mechanical  concentration  of  ores/ 
Its  significance  and  its  unique  position  in  the  metallurgical  art 
can  be  best  understood  by  considering,  first,  the  state  of  the  art 
of  mechanical  concentration  prior  to  its  introduction. 

The  process  of  getting  to  manufacturers  the  metals,  copper, 
zinc,  lead,  etc.,  on  which  their  industries  are  based  is  a  complex 
one.  These  metals  occur  in  Nature  as  minerals,  usually  in 
chemical  combination  with  sulphur.  Such  minerals  are  called 
sulphides.  Sulphides  are  found  in  the  earth  associated  with 
various  worthless  minerals,  quartz  and  other  silicates,  limestone, 
etc.,  which  form  the  bulk  of  the  rocks  we  see  every  day.  If  this 
association  contains  a  sufficient  amount  of  the  metal  to  permit 
economic  extraction,  the  rock  is  called  an  ore.  The  first  step  in 
getting  the  metals  is  mining  the  ore.  As  it  comes  from  the 
ground,  however,  most  ore  contains  such  a  large  amount  of 
worthless  material,  called  gangue,  that  before  it  can  be  econom- 
ically treated  by  chemical  means  to  extract  the  metals  themselves 
it  must  usually  be  treated  by  some  mechanical  means  to  separate 
the  valuable  mineral  from  the  worthless  rock.  This  mechanical 
treatment  is  called  concentration.  It  divides  the  ore  into  two 
parts,  a  concentrate,  much  smaller  in  bulk  and  higher  in  metal 
content  than  the  original  ore,  and  a  tailing,  which  contains  the 
bulk  of  the  gangue  with  but  a  small  portion  of  the  valuable 
mineral.  The  concentrate  goes  to  the  smelter  for  chemical 
treatment,  which  drives  off  sulphur  and  associated  impurities 
and  gives  more  or  less  pure  metal.     The  tailing  goes  to  waste. 

The  purpose  of  concentration  is,  of  course,  to  cut  down  the 
cost  of  the  subsequent  chemical  treatment.  There  are  three 
measures  of  the  efficiency  of  concentration:   (i)   Grade  of  the 
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concentrate,  by  which  is  meant  the  percentage  of  metal  con- 
tained in  the  concentrate;  (2)  ratio  of  concentration,  which  is 
defined  as  the  ratio  of  the  weight  of  original  ore  to  the  weight  of 
concentrate  produced  from  it;  and  (3)  percentage  of  recovery, 
which  is  defined  as  one  hundred  times  the  quotient  obtained  by 
dividing  the  weight  of  metal  contained  in  the  concentrate  from 
a  given  lot  of  ore  by  the  weight  of  metal  in  the  lot.  When 
grade  of  concentrate,  ratio  of  concentration,  and  recovery  are 
high,  concentration  is  efficient,  and  vice  versa. 

Concentration  comprises  two  operations :  ( i )  Severing  the 
valuable  mineral  from  the  worthless  rock  with  which  it  occurs 
associated  and  (2)  subsequently  separating  the  grains  of  valu- 
able constituent   from  admixed  grains  of  worthless  rock. 

Gravity  concentration,  by  means  of  which  the  bulk  of  cop- 
per-, lead-,  and  zinc-bearing  minerals  have  been  separated  from 
the  worthless  part  of  their  ores  in  the  past,  consists  in  subject- 
ing the  ground  mixture  of  valuable  mineral  and  gangue  to  two 
supplementary  processes,  7'/^.,  sizing  and  sorting.  Either  may 
precede  the  other.  Sizing  may  be  done  by  screens  or  by  thin 
films  of  water  flowing  over  inclined  planes.  Sorting  is  done  in 
the  mills  by  various  mechanical  modifications  of  the  sorting 
action  of  streams,  ponds,  and  quicksands.  If  a  mixture  of 
heavy  sulphide  and  light  gangue  particles  of  the  same  size  is 
introduced  into  an  upward  current  of  water  of  the  proper  velocity, 
the  lighter  part  will  be  floated  away  and  the  heavy  part  will  sink 
to  the  bottom.  Or  if  a  mixture  of  particles  of  the  same  materials 
with  equal  settling  velocities — i.e.,  water-sorted — is  subjected  to 
sizing,  the  large  grains  of  light  mineral  will  be  separated  from 
the  small  grains  of  heavy  mineral.  The  treatment  of  an  ore 
by  these  supplementary  proces.ses  is,  in  its  essentials,  gravity 
concentration. 

The  bugbear  of  gravity  concentration  is  the  saving  of  the 
valuable  mineral  in  the  slinte.s^;  that  is,  in  the  very  finely  divided 
material.  On  such  material  it  is  difficult,  by  gravity  concentra- 
tion, to  make  recoveries  exceeding  30  to  50  per  cent,  of  the  total 
mineral  value  present;  the  concentrate  is  low-grade  and  the  ratio 
of  concentration  is  low.  That  is,  the  concentration  is  inefficient 
and  the  subsequent  smelting  very  expensive. 

Flotation  operates  at  its  best  on  these  slimes,  and  can  make 
recoveries  ranging  from  85  to  98  per  cent,  of  the  total  metallic 
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content  of  the  ore,  the  grade  of  the  concentrate  being  many  times 
better  than  that  of  the  concentrate  made  on  the  same  class  of 
material  by  gravity  concentration  methods. 

Flotation  is  concentration  upside-down.  The  same  sulphide 
minerals  of  lead,  zinc,  and  copper  which  were  separated  from 
the  worthless  rock  in  gravity  concentration  by  causing  them  to 
sink  away  are,  in  flotation,  caused  to  float  while  the  particles 
of  gangue  sink.  Separation  is  thus  effected ;  this,  notwithstand- 
ing the  fact  that  the  valuable  minerals  are  generally  much 
heavier  than  the  associated  gangue. 

A  simple  experiment  illustrating  flotation  is  described  below. 
The  materials  and  apparatus  necessary  are :  an  agitator,  a  square 

Fig.  I. 


SOLID 

Enlarged  view  of  forces  at  three-phase  contact,  as  in  case  of  floating  needle. 

jar,  water,  ore  ground  to  pass  a  screen  with  an  aperture  of  0.15 
to  0.20  mm.,  oil  and  concentrated  sulphuric  acid.  The  agitator 
is  preferably  of  the  type  known  as  a  bar-  or  soda  fountain-mixer, 
having  a  stirring  shaft  extending  downward  from  a  small  vertical 
motor ;  but  a  high-speed  tgg  beater  will  serve  the  purpose.  For 
most  ores  a  steam-distilled  pine  oil  or  a  coal-tar  creosote  or  a 
mixture  of  either  or  both  with  a  petroleum  product  will  serve. 
Having  the  materials,  mix  the  ore  and  water  in  the  proportions 
one  of  ore  to  four  of  water  by  weight  in  such  quantity  as  to 
fill  the  jar  two-thirds  full.  Add  a  few  drops  of  oil  and  agitate 
violently  for  two  or  three  minutes.  Allow  the  mixture  to  come 
to  rest.  If  no  froth  rises,  add  more  oil  and  repeat  the  agitation. 
If  the  froth  contains  much  gangue,  the  addition  of  from  5  to  25 
pounds  of  sulphuric  acid  per  ton  of  solid  will  often  serve  to  clean 
it  up.  Several  trials  will  usually  be  necessary  before  a  satis- 
factory oil  mixture  is  found. 

A  test  run  as  just  described  is  qualitative  only.     For  quan- 
titative work  the  Janney  laboratory  machine  is  by  far  the  best 
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yet  devised.  This  works  with  a  charge  of  sHghtly  more  than  one 
pound  of  ore,  discharges  froth  continually,  and  circulates  the 
pulp  (wet  ore)  through  the  machine  again  and  again  in  order  to 
allow  each  particle  of  sulphide  many  chances  to  float. 

HISTORICAL. 

Oil  for  collecting  metals  is  mentioned  by  Herodotus  in  his 
story  of  the  virgins  who  collected  gold  from  the  mud  of  a  lake 
by  means  of  feathers  daubed  with  pitch.  The  process  seems, 
however,  either  not  to  have  been  commercially  successful  or  to 
have  been  kept,  so  far  as  the  mining  public  was  concerned,  a 
secret  process,  for  in  i860  an  inventor  came  forth  with  the  idea 
of  the  preferential  affinity  of  oil  for  metallic  minerals  as  entirely 
new.  The  patent  literature  on  the  subject  from  that  date  to  the 
present  is  an  interesting  study,  but  too  involved  for  presentation 
in  this  paper.  The  first  commercial  flotation  installation  in  the 
United  States  was  in  191 1.  The  present  importance  of  the  process 
may  be  judged  by  the  fact  that  with  such  a  recent  beginning  the 
tonnage  treated  by  this  method  last  year  exceeded  that  treated 
by  gravity  concentration. 

There  are  at  present  two  distinct  types  of  flotation  processes : 
(i)  Skin  flotation;  (2)  froth  flotation.  The  first  is  an  applica- 
tion of  the  favorite  parlor  trick  of  floating  a  "  greased  needle  " 
(see  Figs.  3  and  4).  It  depends  upon  the  greater  reluctance  of 
water  to  wet  minerals  of  metallic  lustre  than  those  of  vitreous  or 
earthy  lustre  in  the  presence  of  air.  It  is  a  manifestation  of  the 
force  residing  in  the  surfaces  of  contact  between  any  two  dissimi- 
lar phases  in  Nature.  This  force  is  called  surface  tension.  It 
causes  the  substance  at  the  boundary  between  the  phases  to  act 
somewhat  as  a  stretched  skin  would  act  to  resist  rupture.  Just  as 
the  steel  needle  floats  when  it  is  carefully  laid  on  the  surface  of 
plain  water  and  as  a  similar  needle  of  glass  will  not  float,  so  if  a 
mixture  oi  minerals  of  metallic  and  non-metallic  lustre  is  gently 
brought  onto  the  surface  of  still  water,  the  mineral  with  metallic 
lustre  will  float,  the  other  will  sink  and  a  separation  thus  be 
effected.  The  process  is  not,  however,  efficient  nor  of  wide 
application. 

The  two  essentials  to  successful  frolh  flotation  are  (i)  the 
selection  of  the  valuable  mineral  from  the  gangue  and  (2)  the 
formation  of  a  froth  of  suflicient  stability  to  allow  for  its  separa- 
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tion  from  the  bulk  of  the  pulp.  A\'hat  actually  happens  in  the 
selection  of  the  valuable  metallic  mineral  from  the  gangue  is 
illustrated  in  Fig.  2.  In  this  figure  are  shown  drops  of  oil  cling- 
ing to  particles  of  sulphide  and  gangue  immersed  in  a  body  of 
water.  The  drawing  is  a  diagrammatic  representation  of  a  simple 
experiment.  The  particles  of  sulphide  and  gangue,  after  im- 
mersion in  the  water,  are  touched  with  a  capillary  pipette  contain- 
ing oil  and  some  of  the  oil  is  forced  out.  It  cjuickly  spreads  on 
the  surface  of  the  sulphide  and  draws  together  in  spherical  shape 
at  the  surface  of  the  gangue  particle. 

The  explanation  of  this  phenomenon  involves  (i)  the  con- 
ception of  potential  energy  at  all  contacts  of  dissimilar  physical 
phases,  and  (2)  the  law  of  least  potential  energy. 

Fig.  2. 


GANGUE     SULPHIDE 


The  first  conception  is  stated  as  follows:  At  the  contact  of 
any  two  unlike,  distinct  physical  phases  there  exists  a  certain 
definite  amount  of  energ}-  per  unit  of  area.  This  conception  has 
been  proved  for  any  number  of  contacts.  Its  efifect  is  illustrated 
qualitatively  by  the  floating  needle  previously  mentioned. 

The  law  of  least  potential  energy  states  that  every  physical 
system  tends  toward  a  condition  in  which  the  potential  energy  of 
the  system  is  least.  Familiar  examples  of  the  manifestations  of 
this  law  are  the  tendency  of  water  at  the  top  of  a  hill  to  flow  to 
the  bottom  and  reduce  its  capacity  to  do  work — in  other  words, 
reduce  its  potential  energy;  and  the  tendency  of  a  stretched  elastic 
or  spring  to  decrease  its  own  length — in  other  words,  reduce  its 
ability  to  do  work  or  come  to  a  condition  of  least  potential  energy. 

Bearing  these  two  conceptions  in  mind,  it  will  be  seen  that 
the  spreading  of  oil  on  the  surface  of  the  sulphide,  thereby  dis- 
placing water  from  that  surface,  is  a  manifestation  of  the  prin- 
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ciple  of  least  potential  energ)\  Further,  we  may  conclude  that  the 
energy  of  the  oil-sulphide  interface  is  less  than  that  of  the  water- 
sulphide  interface,  since  such  a  condition  only  would  allow  for 
the  spreading  of  the  oil.  Similar  reasoning  leads  us  to  the  con- 
clusion that  the  energy  of  the  water-gangue  contact  is  less  than 
that  of  the  oil-gangue  contact. 

If,  now,  we  consider  an  oil-water  boundary  as  the  fixed  part 
of  a  system  composed  of  oil,  water,  sulphide  and  gangue  (Fig.  8) 
and  the  sulphide  and  gangue  particles  the  movable  parts  of  the 
system,  and  if  we  consider  the  solid  particles  presented  at  this 
boundary,  the  sulphide  will  tend  to  pass  into  the  oil,  because  such 
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Floating  steel  cylinder  ("greased  needle").     Tangent  to  liquid  surface  at  gas-liquid-solid  con- 
tact makes  large  angle  with  horizontal  and  cylinder  floats. 


a  position  will  represent  for  it  the  position  of  least  potential 
energy,  while  the  gangue  will  tend  to  pass  into  the  water  for  the 
same  reason.  If,  then,  we  can  form  a  system  of  oil,  w^ater, 
gangue,  and  sulphide  in  which  all  the  sulphide  and  gangue  par- 
ticles are  presented  at  the  oil-water  boundary  for  sorting,  we  shall 
have  a  means  of  selecting  the  gangue  from  the  sulphide.  And 
if,  after  such  selection  has  taken  place,  the  selecting  surfaces  with 
their  selected  sulphide  can  be  separated  from  the  body  of  the  pulp 
containing  the  worthless  gangue,  we  shall  have  completed  a  proc- 
ess of  concentration.  This  is  done  by  introducing  into  the  sul- 
phide-gangue-oil-water  system  a  large  number  of  air  bubbles. 
Whenever  one  of  these  bubbles,  in  its  movement  through  the  pulp, 
comes  into  contact  with  an  oil  globule,  the  oil  will  spread  over 
the  air-liquid  interface  under  the  action  of  the  law  of  least  poten- 
tial energy,  for  the  reason  that  the  energy  of  an  oil-air  interface 
is  less  than  that  of  an  air-water  interface,  and  an  oil-air  contact 
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represents,  therefore,  a  state  of  less  potential  energy  than  an  air- 
water  contact.  At  the  surface  of  each  such  air  bubble  in  the  pulp 
there  will  be  an  oil-water  interface  for  sorting  sulphide  from 
gangiie  (Fig.  7).  and  the  sulphide  will  move  into  the  oil  away 
from  the  bod)-  of  the  pulp.  As  the  bubble  moves  to  the  surface 
of  the  pulp  through  the  influence  of  gravity  the  oil  with  its  load 
of  sulphide  will  move  with  it.  At  the  surface  the  mass  of  sulphide- 
loaded  bubbles  will  persist  to  form  a  froth. 

FROTH  FORMATION. 

The  mechanics  of  froth  formation  can  best  be  explained  by 
the  following  series  of  experiments.  Persistent  bubbles,  hence  a 
froth,  cannot  be  formed  in  water  alone.  This  is  due  to  the  fact 
that  a  pure-water  film  cannot,  except  by  the  merest  accident,  come 
to  a  state  of  equilibrium  between  the  force  seeking  to  distend 
the  bubble  and  the  surface  tension.  Neither  can  a  froth  be  formed 
with  pure  oil.  A  mixture  of  oil  and  water  can  be  made  toi  froth 
slightly  on  account  of  the  fact  that  a  film  forms  at  the  interface 
between  the  oil  and  water  w'hich  has  a  sufficiently  high  viscosity 
to  overcome  the  tension  of  the  oil-air  and  oil-water  interfaces. 
This  film  is  illustrated  in  the  pho'tograph.  Fig.  5,  the  phenomena 
of  which  are  diagrammatically  represented  in  Fig.  6  on  the  same 
plate.  The  photograph  represents  a  square  glass  cell,  having  at 
the  bottom  a  layer  of  water  colored  with  red  ink,  and  above  a 
layer  of  kerosene.  The  red  ink  is  added  in  order  to  make  the 
phenomena  more  easily  visible.  Air  is  introduced  through  a  tube 
into  the  water  layer,  the  bubbles  rise  to  the  interface  between  the 
water  and  oil,  and  here  immediately  the  viscosity  of  the  inter- 
facial  film  is  apparent  in  the  way  in  which  the  film  is  drawn  up 
by  the  air  bubble,  as  illustrated  at  H,  Fig.  6.  Eventually  the 
bubble  breaks  free  and  rises  through  the  oil  layer  with  a  coating 
of  colored  water,  as  illustrated  at  M,  Fig.  6.  This  bubble  rises  to 
the  surface  and  assumes  momentarily  the  shape  shown  at  C, 
Fig.  6.  Shortly  this  water  sheath  falls  away  and  drops  back 
through  the  water  layer  in  a  bowl-shaped  mass,  as  illustrated  at  P, 
Fig.  6.  At  the  same  time  there  may  be  seen  dispersed  through  the 
oil  the  tadpole-shaped  w^ater  drops  illustrated  at  T,  Fig.  6.  The 
water  drops  P  and  7  are  conclusive  evidence  of  the  high  viscosity 
of  the  interfacial  film  between  oil  and  water.  It  is  apparent,  of 
course,  that,  since  the  energy  of  the  interface  between  the  oil  and 
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the  water  is  a  constant,  the  drop  will  tend  to  assume  the  condition 
of  least  potential  energy  by  reducing  its  surface  to  the  minimum, 
and,  the  sphere  being  the  body  of  least  surface  for  a  given  volume, 
the  drop  will  tend  to  assume  a  spherical  shape.  But,  since  the 
drops  do  not  assume  the  spherical  shape  under  the  influence  of 
surface  tension,  it  must  be  further  apparent  that  their  tendency 
to  do  so  is  opposed  by  some  other  force.  This  force  is  the  vis- 
cosity of  the  interfacial  film.  Such  a  viscous  film  aids  a  bubble 
with  an  oil-water  film  to  persist  and  is  one  of  the  causes  of  the 
temporary  persistence  exhibited  by  bubbles  formed  from  a  mixture 
of  oil  and  water.     The  other  cause  of  such  persistence  is  the 

Fig.  4. 
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Sinking  glass  cylinder.     Tangent   to  liquid   surface  at  gas-liquid-solid   contact  makes   small 
angle  with  horizontal  and  cylinder  sinks. 


variable  surface  tension  of  the  oil-water  film.  Such  a  film,  when 
subjected  to  a  stress  greater  than  its  surface  tension  can  resist, 
stretches,  and  in  so  doing  increases  its  area.  The  concentration 
of  the  substance  oi  lower  surface  tension  (the  oil)  per  unit  of 
area  now  becomes  less  and  the  resultant  tension  of  the  film  in- 
creases. If  the  increase  is  sufficient  to  balance  the  external  stress, 
equilibrium  is  attained  and  the  film  persists. 

In  the  flotation  process  this  variability  in  surface  tension  is 
but  a  small  factor  in  the  stability  of  the  film.  The  great  factor 
is  increase  in  viscosity,  due,  however,  not  so  much  to  the  viscous 
films  at  the  oil-water  interfaces  as  to  the  introduction  into  the 
bubble  films  of  finely  divided  solid  matter.  The  stabilizing  effect 
of  finely  divided  solid  matter  on  liquid  films  is  familiar  to  every 
one  in  the  action  of  rain  drops  on  a  dusty  road.  Such  drops  will 
become  coated  with  dust,  and,  if  the  surface  of  the  road  is  hard 
and  sloping,  these  du.st-covered  drops  will  roll  for  a  considerable 
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distance  along  the  surface,  preserving  their  spherical  shape.  The 
phenomenon  can  be  illustrated  in  the  laboratory  by  floating  a 
match  on  the  surface  of  a  beaker  of  water ;  placing  a  chip  at  the 
side  of  the  beaker,  then  causing  the  match  to  revolve  slowly, 
when  it  will  be  seen  that  the  match  can  be  turned  around  the 
vertical  axis  of  the  beaker  without  any  corresponding  motion  of 
the  chip.  If.  now.  the  surface  of  the  beaker  is  dusted  over  with 
finely  divided  solid  matter,  a  film  forms,  and  when  the  match  is 
again  caused  to  rotate  the  film  and  the  chip — in  fact,  the  whole 
surface  of  the  contents  of  the  beaker — move  with  the  match. 
This,  of  course,  can  be  due  only  to  the  increase  in  viscosity  of 
the  surface  film.     The  surface  of  an  oil-coated  air  bubble  in  a 
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pulp,  after  it  has  picked  up  its  load  of  solid,  is  similar  to  the  water 
surface  just  described. 

Xo  physical  principle  other  than  the  law  of  chance  need  be 
appealed  to  in  order  to  explain  the  meeting  of  oil  globules  with 
air  bubbles,  or  the  meeting  of  sulphide  particles  with  oiled  bubbles. 
There  are  about  three  hundred  million  solid  particles  of  the  size 
that  we  are  considering  formed  from  every  cubic  inch  of  solid 
matter.  In  a  flotation  pulp  (mixture  of  ore  and  water  as  sent  to 
the  machine)  there  are  at  least  sixty  million  particles  per  cubic 
inch.  The  opalescence  caused  by  agitating  together  the  water  and 
oil  before  addition  of  the  ore  will  show  that  the  oil  is  as  thor- 
oughly dispersed.  Given,  then,  at  least  sixty  million  particles  of 
solid  and  sixty  million  oil  particles  per  cubic  inch,  and  introduce 
air  bubbles,  in  the  same  or  greater  number,  and  failure  of  the 
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air  bubbles,  oil  globules,  and  sulphide  particles  to  collide  will  take 
some  phenomenal  steering.  It  is  obviously  unnecessary  to  appeal 
to  any  mysterious  forces  to  bring  about  a  meeting. 

To  summarize,  then :  We  bring  to  the  machine  a  freely  flow- 
ing mixture  of  ore  and  water,  the  pulp ;  we  add  oil ;  agitate  to 
disperse  the  oil  through  the  pulp ;  agitate  further  to  introduce  air 
in  finely  divided  form,  and  agitate  yet  further  to  cause  the  air 
bubbles  to  come  into  contact  with  oil  and  sulphide  particles.  The 
oil  spreads  over  the  surface  of  the  air  bubbles  because  by  so 
doing  it  lowers  the  potential  energy  of  the  oil-air-water  system. 
A  sulphide  particle  subsequently  meeting  the  oiled  air-bubble 
passes  into  the  oil  film  because  in  this  position  it  is  in  the  state  of 

Fig.  6. 


least  potential  energy,  and  the  gangue  particle,  meeting  the  oiled 
air  bubble,  passes  back  again  into  the  water  because  this  position 
for  it  represents  the  state  of  least  potential  energy.  The  sulphide- 
coated,  oiled  air  bubble  rises  through  the  pulp,  due  to  its  smaller 
specific  weight,  and  upon  reaching  the  surface  of  the  pulp  persists, 
on  account  of  the  high  viscosity  of  the  solid-loaded  film  surround- 
ing it.  The  froth  formed  by  the  persistent  bubbles  is  scraped  off 
and  a  separation  is  thus  made  between  the  sulphide  and  the 
gangue  originally  present  in  the  ore. 


COMMERCIAL  MACHINES. 


Commercial  froth  flotation  machines  are  of  three  types :  ( i ) 
the  so-called  mechanical  agitation  machine,  which  depends  solely 
upon  mechanical  agitation  for  the  dispersion  of  the  oil  in  the  pulp 
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and  the  introduction  of  air;  (2)  the  pneumatic  froth  machine,  in 
which  the  air  is  introduced  through  a  porous  bottom,  the  only 
agitation  to  which  the  pulp  is  subjected  being  the  gentle  agita- 
tion due  to  the  rising  of  the  mass  of  air  bubbles  through  the  pulp ; 
and  (3)  the  so-called  mechanical-air  machine,  which  is  a  com- 
bination of  the  other  two,  using  mechanical  agitation  for  dis- 
persion of  the  oil  through  the  pulp  and  for  the  introduction  of 
part  of  the  air,  and  having  also  an  arrangement  for  introducing 
air  through  a  porous  bottom  under  the  mass  of  pulp  which  has 
been  previously  subjected  to  mechanical  agitation. 

The  mechanical  agitation  machine  consists,  in  the  best  form, 
of  an  agitating  compartment  above  which  is  mounted  a  vertical 
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motor  with  an  extension  shaft  reaching  down  into  the  box  and 
bearing  two  cross-shaped  beaters.  Pulp  is  introduced  into  this  box 
through  a  pipe  near  the  bottom,  is  agitated  by  means  of  the  beaters, 
and  discharged  over  the  top  underneath  a  baffle,  below  the  surface 
of  the  pulp  in  the  two  pointed  boxes,  or  spitzkasten,  placed  one  at 
either  side.  These  spitzkasten  afford  a  quiet  place  in  which  the 
pulp  comes  to  rest  allowing  the  bubbles  with  their  load  of  sul- 
phide to  rise  to  the  surface  and  collect  as  a  froth.  The  froth  is 
removed  mechanically  by  means  of  scrapers.  The  material  not 
in  the  froth  settles  to  the  bottom,  part  of  it  passes  on  into  an 
adjoining  spitzkasten,  and  part  of  it  is  sucked  back  through  a 
pil>e,  into  the  beater  box  again.  This  cycle  is  repeated  a  sufficient 
number  of  times  to  insure  the  saving  of  a  large  part  of  the  sulphide 
mineral.  These  machines  are  set  up  in  batteries  of  from  6  or  7 
to  16  or  17  in  series. 
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The  pneumatic  froth  machine  is  typified  by  the  Callow  cell. 
This  consists  of  a  box  18  inches  to  2  feet  wide,  6  feet  to  10  feet 
long,  with  a  sloping  porous  bottom  ranging  in  depth  from  8  or  10 
inches  at  the  head  end  to  about  4  feet  at  the  discharge  end.  Pulp 
is  fed  into  the  box  at  the  shallow  end,  behind  a  baffle,  flows  out 
into  the  main  box,  and  is  there  subjected  to  the  action  of  a  rising 
column  of  bubbles  formed  from  air  introduced  through  the  porous 
bottom.  The  porous  bottom  is  divided  into  compartments,  each 
with  a  separate  air  supply,  the  purpose  being  to  so  regulate  the 
air  as  to  just  overcome  the  hydrostatic  pressure  at  each  depth. 
The  froth  overflows  at  the  sides  of  the  box  into  launders  and 
is  carried  away  as  concentrate,  while  the  tailing  is  discharged 
through  a  valve  at  the  lower  end  of  the  machine. 

The  best-known  mechanical-air  machine  differs  from  the 
mechanical  machine  first  described  only  in  that  the  spitckastcn 
are  fitted  with  porous  bottoms  through  which  air  is  introduced 
into  the  already  partly  aerated  pulp  discharged  from  the  agitating 
compartments.  This  air  lightens  the  froth  materially,  makes  it 
much  more  tender,  yet  by  greatly  increasing  the  number  of  bubbles 
rising  through  the  pulp  lessens  the  number  of  sulphide  particles 
which  drop  to  the  bottom  of  the  spitdmstcn  and  pass  off  into  the 
tailing.  The  use  of  air  also  does  away  with  the  necessity  for 
mechanical  froth  removers. 

FLOW  SHEETS. 

The  way  in  which  mills  using  flotation  are  arranged  depends 
upon  the  way  in  which  the  sulphide  mineral  occurs  in  the  ore. 
There  are  perhaps  three  typical  mill  installations  in  which  flota- 
tion is  used.  The  first  of  these  applies  to  an  ore  in  which  the 
sulphide  mineral  occurs  in  relatively  coarse  aggregates.  Such  an 
ore  is  treated  by  crushing  to  the  point  where  a  portion  of  the 
mineral  is  severed  from  the  gangue,  then  commences  a  scheme 
of  sizing  and  classification,  the  various  coarser  sizes  being  treated 
by  water  concentration  to  remove  concentrate,  making  a  middling 
product  which  is  sent  to  regrinding  machines.  The  finest  product 
of  the  preliminary  grinding  and  the  products  of  the  regrinding 
machines  are  combined  and  sent  to  the  flotation  plant.  This  is  a 
typical  mill  scheme  where  flotation  has  been  introduced  as  a 
slime-treatment  accessory  to  older  processes,  and  is  the  most 
economical  scheme  where  the  mineral  is  sufficiently  coarse  so  that 
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a  considerable  portion  of  it  can  be  removed  with  good  recoveries 
by  water  concentration. 

The  second  type  of  mill  is  that  in  which  the  sulphide  mineral 
occurs  disseminated  as  minute  grains  througlx)ut  the  ore.  In  the 
treatment  of  such  an  ore  it  is  necessary,  in  order  to  sever  the 
sulphide  grains  from  the  gangue,  to  grind  very  fine  in  the  first 
instance :  in  other  words,  to  slime  the  whole  pulp.  When  such  a 
process  is  carried  out  the  whole  mill  feed  is  sent  to  the  flotation 
plant  and  little  or  no  gravity  concentration  is  attempted. 

The  third  type  of  flow^  sheet  applies  to  ores  in  which  the  sul- 
phide mineral  is  not  quite  so  finely  disseminated  as  in  the  last 
instance,  but  where  the  amount  of  mineral  coarsely  disseminated 
is  not  large.  In  such  a  case  it  has  been  deemed  economical  to 
grind  all  the  pulp  down  to  such  size  that  the  flotation  machines 
can  move  it  without  banking,  and  yet  not  to  such  size  that  all  the 
sulphide  mineral  can  be  raised  in  the  froth.  The  pulp  thus 
ground  is  passed  first  to  the  flotation  machines,  which  take  out 
the  fine  sulphide  particles.  The  tailing  from  these  machines  is 
then  passed  to  gravity  concentrating  devices,  where  the  coarser 
sulphide  is  taken  out,  and  the  reject  from  these  machines  is  dis- 
charged from  the  mill  as  finished  tailing. 

The  actual  flotation  plant  is  arranged  according  to  two  gen- 
eral schemes :  ( i )  The  so-called  roughing-cleaning  scheme,  and 
(2)  the  so-called  concentrate-middling  scheme.  In  the  first  of 
these  the  concentrate  from  the  first  cells  is  taken  ofif  relatively 
dirty  and  sent  to  another  set  of  machines  called  cleaners,  which 
make  a  high-grade  concentrate  and  discharge  a  relatively  rich 
pulp.  This  latter  constitutes  a  middling  which  is  ordinarily 
joined  with  the  froth  from  the  later  cells  of  the  rougher  machine 
and  the  whole  sent  back  to  the  head  of  the  rougher  machine  for 
retreatment.  The  pulp  discharged  from  the  rougher  machine 
constitutes  tailing.  In  the  concentrate-middling  scheme  the  first 
cells  are  run  to  give  a  clean  concentrate.  The  later  cells  are  run 
to  take  over  dirty  froth  and  insure  the  discharge  of  a  clean, 
impoverished  tailing.  The  dirty  froth  is  returned  as  middling  to 
the  head  of  the  machine. 

Applicability. 

Flotation  can  be  applied  to  any  ore  in  which  the  mineral  con- 
taining the  valuable  metal  has  a  metallic  lustre  and  the  gangue 
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has  a  vitreous  or  earthy  kistre.  If  the  gangue  also  has  metalHc 
lustre  or  two  minerals,  such  as  the  sulphides  of  lead  and  zinc 
occur  together,  the  problem  of  differential  flotation  arises.  This 
problem  cannot  be  said  to  be  }'et  completely  solved.  When  the 
valuable  metal  is  combined  with  oxygen  alone  or  with  oxygen 
and  carbon  or  silicon,  giving  oxides,  carbonates,  or  silicates,  the 
so-called  oxidized  ores,  another  unsolved  problem  arises,  so  far 
as  flotation  is  concerned,  although  some  successful  experiments 
on  such  ores  have  been  reported.  We  may  expect  to  see  both  of 
these  problems  solved  in  the  not-too-distant  future. 


Some  Large-Scale  Experiments  Imitating  the  Craters  of  the 
Moon.  Herbert  E.  Ives.  {Astro pliys.  Jour.,  Nov.,  1919.) — On  the 
surface  of  the  moon  are  features  consisting  of  circular  rings  of  the 
material  of  this  body,  elevated  above  its  surface  and  surrounding 
level  floors  higher  than  the  surrounding  lunar  surface.  Small  peaks 
often  rise  from  these  floors.  Volcanic  action  and  the  impact  of 
meteorites  have  both  been  invoked  to  explain  the  presence  of 
these  craters. 

At  Langley  Field,  Virginia,  during  the  war,  craters  were  made 
by  the  explosion  of  bombs  dropped  from  airplanes.  Photographs 
of  these  taken  from  airplanes  very  closely  resemble  photographs 
of  the  lunar  craters.  The  central  surrounding  wall,  the  central  peak 
and  radiating  streaks  all  are  there.  The  similarity  extends  even  to 
overlapping  craters.  Could  explosions  have  caused  the  lunar  craters  ? 
To  the  earth's  atmosphere  come  meteors  with  velocities  ranging  from 
16  to  64  kilometres  per  sec.  These  sometimes  become  incandes- 
cent and  burst  with  loud  reports.  Owing  to  the  protection  afforded 
by  the  envelope  of  air  they  rarely  pit  tbe  surface  of  the  earth.  The 
moon,  however,  has  no  atmosphere.  A  meteor,  travelling  with  the 
lowest  speed  given  above  and  with  an  assumed  specific  heat  of  .2, 
would  be  raised  to  a  temperature  of  i5,ooo°C.  uixin  colliding  with 
the  surface  of  the  moon,  even  if  nine-tenths  of  the  heat  developed 
were  given  up  to  the  surroundings.  This  high  temperature  would  turn 
any  substance  into  a  gas  at  once  and  would  be  the  equivalent  of  an 
explosion.  The  crater  is  thus  not  the  result  of  the  direct  impact  of 
the  meteor  upon  the  lunar  surface  but  of  the  consequent  develop- 
ment of  gas.  The  angle  of  incidence  of  the  meteors  is  of  small 
moment.  Though  they  bombarded  the  moon  from  different  directions 
the  craters  formed  did  not  register  those  directions  since  they  were 
thrown  u])  by  the  outrush  of  gas. 

G.  F.  S. 
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ON  THE  MODE  OF  FORMATION  OF  DUST  FIGURES 
ON  WALLS  AND  CEILINGS.* 

BY 

C.  B.  BAZZONI,  A.M.,  Ph.D. 

The  dust  figures  which  occur  on  the  walls  and  ceilings  of 
rooms  frequently  outlining  the  laths  and  other  underlying  struc- 
tures have  been  commented  upon  at  different  times  in  scientific 
periodicals.^  The  figures  have  been  attributed  by  some  to  deposits 
of  moisture,  and  by  others  to  electrostatic  or  thermal  effects. 

These  figures  are  of  two  types.  Those  of  the  first  type  are,  in 
the  opinion  of  the  writer,  to  be  referred  to  local  temperature  dif- 
ferences on  the  wall  surfaces  which  cause  corresponding  irregu- 
larities in  the  moisture  deposition  from  the  currents  of  damp  air 
flowing  over  them.  Areas  with  a  temperature  below  the  dew- 
point  of  the  vapor  in  the  air  become  covered  with  a  water  film 
which  takes  up  the  dust  particles  from  the  air  by  ordinary  ad- 
hesion. This  dust  deposit  is  possibly  increased  through  deposi- 
tion resulting  from  the  checking  in  the  velocity  of  the  air  current 
due  to  the  greater  surface  friction  over  the  wet  areas.  This 
simple  theory  suffices  to  explain  all  of  the  dust  figures  outlining 
underlying  structures  ordinarily  observed. 

The  most  common  dust  figure  of  this  type  is  that  showing  up 
the  laths  and  beams  under  the  plaster.  The  black  areas  making 
up  these  figures  are  found  to  be  between  the  laths.  These  figures 
are  never  marked,  if  at  all  present,  in  interior  rooms  or  on  the 
ceilings  of  lower  story  rooms  where  upper  stories  are  heated. 
They  occur  fully  developed  on  the  ceilings  of  rooms  covered  by  a 
cold  attic  and  on  the  inner  sides  of  exterior  walls.  The  more 
rapid  convection  and  radiation  of  heat  from  the  areas  not  backed 
by  lath  or  beam  produce  the  necessary  local  temperature  differ- 
ences for  the  production  of  the  irregular  water  films.  A  striking 
illustration  of  this  theory  is  shown  where  beams  contain  tie-bohs 
or  large  lag  screws  the  heads  of  which  are  covered  by  the  plaster. 
The  locations  of  these  iron  bolts  are  indicated  in  the  dust  figures 

*  Communicated  by  Dr.  Joseph  S.  Hepburp. 

*  T.  D.  Cope:    Nature,  vol.  xciv,  p.  562,  Jan.  21,  1915. 
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by  intense  black  deposits  of  the  size  of  the  bolt  head.  The  greater 
amount  of  the  deposit  is  due  to  the  more  rapid  conduction  along 
the  iron  bar  and  the  consequent  lower  temperature  at  the  end. 
All  observations,  in  short,  indicate  that  for  the  production  of 
well  marked  figures  the  outer  side  of  the  wall  must  be  at  a  lower 
temperature  than  the  inner  and  that  the  rate  of  heat  loss  must  be 
greater  from  some  portions  of  the  area  than  from  others. 

Figures  of  the  second  type  occur  at  the  edges  of  mouldings, 
cornices  or  other  obstructions  which  are  so  situated  as  to  impede 
the  flow  of  the  ordinary  ventilation  air  currents.  They  are  also 
observed  across  the  edges  of  cracks  in  the  plastering.  These  dust 
figures  form  irregular  streamers  at  the  boundaries  of  the  ob- 
stacles in  the  direction  of  the  air  currents.  These  are  surface 
layers  having  no  relation  to  the  underlying  structures  of  the  wall. 
We  may  assume  these  deposits  to  l>e  produced  like  the  others  by 
the  adhesion  of  dust  to  moist  areas,  but  the  deposition  of  the 
moisture  can  no  longer  be  generally  ascribed  to  temperature  dif- 
ferences on  the  surface.  The  slight  increase  in  pressure  around 
the  obstacle  due  to  the  current  flow  seems  the  only  possible  cause 
of  the  assumed  precipitation  of  moisture  in  these  cases.  On  the 
other  hand,  the  entire  deposit  may  be  explained  as  the  effect  of 
the  decreased  velocity  and  consequent  decreased  carrying  capacity 
of  the  air  stream  in  the  immediate  neighborhood  of  the  obstacle 
— adhesion  between  the  greasy  dust  and  the  wall  taking  place 
with  no  greater  amount  of  water  present  than  that  usually  found 
on  the  walls  of  heated  apartments.  No  deposits  of  this  type  have 
been  examined  by  the  writer,  the  formation  of  which  cannot  be 
superficially  explained  on  the  basis  of  this  simple  hypothesis  of 
deposition  in  areas  of  decreased  velocity — adhesion  following 
from  the  ordinary  stickiness  of  the  wall. 

The  explanations  of  the  formation  of  dust  figures  given  alxDve 
have  been  subjected  to  simple  experimental  tests  in  this  labora- 
tory. An  experimental  chamber  was  constructed  about  70  cm. 
bv  30  cm.  bv  20  cm.  in  size.  The  roof  was  formed  by  a  sheet  of 
compo-board  surfaced  with  Alabastine  and  resurfaced  when  nec- 
essary. At  one  end  of  the  box  was  a  glass  window  made  to  slide 
up  and  down  so  as  to  cover  or  uncover  a  row  of  ventilating  ]iorts. 
An  iron  pipe  of  3  cm.  bore  and  60  cm.  in  length  was  brought 
through  the  floor  at  the  other  end  of  the  box.  This  pij)e  had  a 
perforated  cork  at  the  bottom  through  which  air,  chemically  dried, 
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could  be  sent  by  means  of  a  motor  driven  blower.  The  cork 
also  supported  an  electric  resistance  heater  wound  on  a  porcelain 
pipe.  Two  glass  tubes  entered  the  iron  pipe  laterally.  One  of 
these,  about  half  way  up.  was  used  to  admit  steam  when  desired 
— the  other,  three-quarters  of  the  way  up,  to  admit  dust.  The  dust 
used  was  dried  precipitated  lampblack.  This  powder  was  con- 
tained in  a  glass  receptacle  and  was  blown  into  the  tube  axially  by 
means  of  a  second  motor  driven  blower.  With  this  arrangement 
a  sustained  current  of  warmed  air  could  be  circulated  through 
the  chamber,  passing  in  its  path  along  the  ceiling.  This  air  could 
be  dry  or  moist  as  desired  and  could  be  supplied  with  any  desired 
content  of  dust.  It  was  found  that  where  moist,  dusty  air  was 
desired  so  as  to  get  rapid  and  certain  results  the  best  effects  were 
produced  by  inserting  a  bunsen  burner  burning  with  a  smoky 
flame  into  the  bottom  end  of  the  iron  pipe  after  removing  the 
cork  and  heater.  It  was  also  found  that  the  heater  could  in  all 
cases  be  substituted  for  by  heating  the  tube  on  the  outside  with  a 
bunsen  or  blowpipe  flame. 

The  following  experiments  were  performed : 

( I  )  A  cold  spot  was  produced  on  the  ceiling  by  placing  on  the 
top  of  the  chamber,  outside,  a  can  containing  running  cold  water. 
A  hot  spot  was  made  beside  the  cold  spot,  but  several  centimeters 
distant  from  it,  by  placing  a  circular  flat  plate  electrical  heater  on 
the  outside  of  the  box  lid.  With  moist,  smoky  air  driven  by  a 
smoky  bunsen  flame  visible  figures  were  produced  on  the  ceiling 
in  one  minute  or  less.  The  cold  spot  was  heavily  blackened — the 
hot  spot  remained  notably  cleaner  than  the  rest  of  the  ceiling. 
The  figures  had  sharp,  clean  edges. 

(2)  The  box  was  dried  overnight  with  a  large  vessel  of  cal- 
cium chloride.  The  hot  and  cold  .spots  were  produced  as  before. 
A  current  of  warm  dr\^  air  was  run  through  the  chamber  for  fif- 
teen minutes  without  producing  any  effect  on  the  clean  ceiling  sur- 
face. Next  dust  was  introduced  with  the  air  and  kept  circulating 
heavily  for  fifteen  minutes.  Large  quantities  of  dust  settled  in 
the  box  but  no  figures  appeared  on  the  ceiling.  Next  steam  was 
introduced  with  the  dust.  A  dark  figure  appeared  within  a  few 
seconds  on  the  cold  spot.  After  fifteen  minutes  the  ceiling  was 
removed  for  closer  examination.  Definite  sharp  figures  were 
found  as  in  the  preceding  experiment — dark  under  the  cold  spot 
— white  under  the  hot  spot.     After  the  dust  had  settled  a  fresh 


502  C.  B.  Bazzoni.  [J-  F- 1- 

ceiling  was  substituted  and  steam  was  introduced  into  the  chamber 
with  dust  free  air.  After  ten  minutes  the  cold  spot  was  clearly 
indicated  by  a  moist  darkening  of  the  surface  due  to  depos- 
ited water. 

(3)  The  object  of  this  experiment  was  to  show  that  water 
actually  deposited  in  detectable  amount  on  the  cold  spot  and 
evaporated  from  the  hot  spot.  The  ceiling  was  painted  with  blue 
litmus  solution  and  then  treated  with  HCl  vapor  to  turn  the  lit- 
mus red.  The  Alabastine  has  a  natural  alkaline  reaction  so  that 
wherever  this  prepared  red  surface  was  touched  with  water  it 
turned  blue.  On  the  other  hand,  when  the  surface  was  thor- 
oughly dried  and  the  HCl  driven  off  the  pink  color  disappeared, 
leaving  a  greyish  color  like  neutral  litmus.  After  passing  moist, 
dust  free  air  through  the  chamber  for  ffiteen  minutes  the  cold 
spot  was  found  to  be  distinctly  blue,  the  main  ceiling  surface 
red  and  the  hot  spot  grey.  The  effects  were  sharply  defined  like 
the  dust  figures. 

These  experiments  show  that  dust  figures  of  the  type  studied 
are  produced  only  in  the  presence  of  moisture,  and  that  their  con- 
figuration is  the  same  as  that  of  the  moisture  deposits  formed  by 
the  natural  condensation  on  cold  areas  and  evaporation  from  hot 
areas.  The  formation  of  the  figures  is  not  dependent  on  the  tem- 
perature differences  excepting  in  so  far  as  these  temperature  dif- 
ferences determine  the  moisture  distribution  on  the  surface. 

Peculiar  graduations  in  density  are  frequently  observed  in  the 
figures  on  walls,  apparently  due  to  an  irregular  placing  of  the 
underlying  structures  bringing  the  conducting  ma.terials  nearer 
the  surface  at  some  places  than  at  others  and  thus  producing  a 
temperature  variation  on  the  surface.  A  fourth  experiment  was 
made  to  determine  the  effect  of  small  differences  of  temperature 
on  the  densities  of  the  figures. 

(4)  Four  vessels  were  placed  in  a  row  cro.sswise  on  the  lid  of 
the  experimental  chamber:  (a)  A  can  with  a  flat  bottom  contain- 
ing salt  and  ice — temperature  6"C. ;  (b)  a  glass  boaker  containing 
water — temperature  29°  ;  (c)  a  beaker  containing  water — temper- 
ature 25°  ;  (d)  a  can  with  a  fiat  bottom  cooled  with  running  water 
— temperature  15°.  The  beakers  had  concave  Ixittoms  so  that  they 
touched  only  at  the  edges  of  their  bottoms.  After  exposure  to 
circulating  moist,  dusty  air  for  fifteen  minutes  four  definite  dark 
figures  were  formed.     Figure  (a)  was  distinctly  the  most  dense; 
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(6)  could  be  seen  only  with  difficulty;  (c)  was  easily  seen,  but 
not  dense;  (</)  was  not  so  heavy  as  (a)  but  much  heavier  than 
(t).  The  dei30sits  under  the  beakers  were  distinctly  annular, 
being  lighter  in  the  centre.  It  is  clear  from  this  experiment  that 
the  density  of  the  figure  is  a  function  of  the  temperature  of  the 
area  and  that  the  figure  will  exhibit  quite  accurately  the  tem- 
perature distribution  over  the  area.  The  greater  temperature 
difference  produces  the  greater  deposition  because  of  the  more 
moist  condition  of  the  colder  area.  It  was  found,  however,  that 
for  brief  and  extreme  tests  a  limit  Avas  reached  when  the  tem- 
perature was  sufficiently  low  and  the  moisture  sufficiently 
abundant  to  form  a  continuous  layer  of  water  with  drops.  This 
layer  naturally  served  to  protect  the  surface  from  actual  contact 
with  the  dust  so  that  the  figure  became  very  light  after  drying  in 
the  open  air.  The  temperature  on  the  top  surface  of  the  lid 
during  this  experiment  w^as  32°.  Immediately  below  the  ceiling, 
inside  the  box,  the  temperature  was  42°. 

(5)  It  is  possible  to  imagine  that  some  sort  of  thermal  action 
may  go  on  in  the  thoroughly  dry  apparatus  which  does  not  be- 
come evident  because  the  dust  cannot  stick  to  the  under  surface 
of  the  ceiling  but  falls  away  and  therefore  does  not  produce  any 
figures.  To  test  this  point  the  ceiling  surface  was  turned  upward 
and  supported  about  three  centimeters  below  the  top  of  the  box, 
the  roof  being  a  sheet  of  glass.  The  hot  and  cold  spots  were  pro- 
duced from  underneath.  It  was  found  that,  when  the  ceiling 
board  had  been  very  thoroughly  dried  by  heat  and  dried  air  and 
no  trace  of  moist  air  was  present,  the  dust  deposit  formed  was  uni- 
form and  unfigured,  but  that  in  the  presence  of  the  slightest  trace 
of  moisture  such,  for  example,  as  could  be  produced  on  the  sur- 
face by  blowing  oflf  an  accumulation  of  dust  with  the  breath, 
definite  figures  of  the  usual  sort  began  to  appear  at  once.  With 
moist  air  or  with  air  driven  by  a  smoky  bunsen  flame,  dense  and 
sharp  effects  Avere  produced  in  a  very  few  minutes. 

These  experiments  seem  sufficiently  conclusive  as  to  the  mode 
of  formation  of  dust  figures  of  the  first  class — those  occurring 
on  flat  surfaces  on  which  a  temperature  inequality  exists.  The 
figures  produced  around  obstacles  w^ere  next  studied.  Three 
obstacles  were  fastened  in  a  row  across  a  clean  ceiling  surface. 
The  first  obstacle  was  a  wooden  cylinder  about  three  cm.  in  diam- 
eter and  one  cm.  high.     The  second  was  a  cube  of  one  cm.  edge 
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and  the  third  was  a  body  about  four  cm.  long  by  eight  mm.  at  its 
widest  part  of  approved  stream  Hne  form.  Experiments  were 
performed  as  follows: 

(la)  It  was  first  established  that  figures  similar  to  those  ob- 
served on  ceilings  could  be  formed  under  the  conditions  of  the  ex- 
periments. Smoky,  moist  air  driven  by  a  smoky  bunsen  burner 
was  passed  through  the  chamber.  Figures  of  the  characteristic 
forms  began  to  appear  around  the  obstacles  within  one  minute 
and  were  well  marked  after  five  minutes. 

(2a)  It  was  next  shown  that  the  figures  do  not  form  around 
dry  obstacles  on  a  horizontal  ceiling  in  a  current  of  dry,  dusty 
air.  Dry  dust  filled  air  was  passed  over  a  clean  ceiling  with  ob- 
stacles for  fifteen  minutes.  At  the  end  of  this  time  there  was 
absolutely  no  efifect  visible  in  the  way  of  figures. 

Figures  produced  by  the  methods  of  (la)  seemed,  on  exam- 
ination, to  suggest  strongly  that  the  dust  was  deposited  in  areas 
of  positive  pressure  and  cleared  away  from  areas  of  negative 
pressure.  This  was  particularly  the  case  around  the  stream  line 
obstacle.  The  pressure  changes  to  be  expected  around  cylindrical 
and  stream  line  obstacles  in  an  air  current  of  the  velocity  here 
used  were  calculated  and  were  found  to  correspond  in  power  to 
precipitate  moisture  to  temperature  changes  not  exceeding  J/2  °  C. 
These  pressures  seemed  entirely  inadequate  to  produce  effects  of 
the  intensity  actually  obtained.  Furthermore,  the  excess  moisture 
deposition  due  to  positive  pressures  around  the  cylinder  should 
lie  within  a  cone  opening  toward  the  air  current  of  70°  apex  angle 
while  the  dust  deposition  seemed  uniform  over  180°  in  the 
observed  figures. 

(30)  An  attempt  was  next  made  to  find  out  whether  or  not 
any  moisture  was  deposited  around  the  obstacles.  A  clean  ceiling 
with  obstacles  was  put  in  place  and  dust  free  air  containing  an 
excess  of  steam  was  passed  over  it  for  fifteen  minutes.  No  moist 
areas  appeared.  y\ny  considerable  amount  of  moisture  would 
have  turned  the  Alabastine  dark.  The  ceiling  was  then  painted 
with  blue  litmus  and  the  blue  turned  red  with  IlCl  vapor  as  in  the 
first  series  of  experiments.  Continued  cxjiosure  of  this  surface 
to  currents  of  moist  air  failed  to  ])r()duce  any  figures  around  the 
obstacles.  On  increasing  the  steam  content  of  the  air  the  entire 
surface  turned  blue  iniifornily  with  no  evidence  of  extra  moisture 
near  the  obstacles.     These  tests  served  to  prove  what  the  calcula- 
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tioiis  indicated — that  no  quantity  of  moisture  detectable  by  the 
means  employed  was  thrown  down  around  the  obstacles. 

These  results  suggested  that  the  figures  obtained  in  (la)  were 
merely  shadow  effects  due  to  the  interference  of  the  obstacles  with 
the  air  tlow  velocity.  The  carrying  capacity  of  a  stream  is  usually 
assumed  to  vary  with  the  cube  or  some  higher  power  of  the 
velocity  whence  any  slight  checking  of  an  air  stream  will  de- 
posit dust  from  it  although  the  associated  pressure  change 
may  not  be  great  enough  to  deposit  any  moisture.  If  this  is  the 
case  the  figures  will  form  in  drv'  air  as  well  as  in  moist.  Under 
the  conditions  of  (2a)  the  dust  deposited  could  not  be  observed, 
since  it  settled  downward,  neither  the  ceiling  nor  the  dust 
being  sticky. 

(4a)  To  test  this  last  assumption,  the  obstacles  were  set  on 
the  upper  surface  of  a  whitened  compo-board  supported  three 
centimeters  Mow  the  top  of  the  box.  inside,  in  such  a  way  as  to 
leave  openings  communicating  downwards  at  either  end.  The 
lid  of  the  box  was  a  sheet  of  glass.  Dry,  dusty  air  was  passed 
over  the  surface  bearing  the  obstacles.  Distinct  figures  of  the 
usual  form  showed  after  a  few  seconds  and  could  be  made  of  any 
desired  intensity  by  prolonging  the  flow.  These  were  obviously 
deposition  figures  of  dry  dust  due  to  checking  the  air  current. 
They  were  nonadherent  and  could  be  blown  completely  away 
with  a  single  breath.  This  experiment  showed  that  the  deposits 
formed,  as  was  anticipated,  in  the  absence  of  moisture,  and  ex- 
plained why  no  deposit  was  observed  in  (2a).  To  get  an  obstacle 
figure  on  a  ceiling  from  dusty  air  it  is  necessary  to  render  the 
ceiling  sticky.   Water  vapor  will  produce  the  necessary  stickiness. 

(5a)  The  internal  plate  was  removed  and  the  obstacles  placed 
on  the  lower  surface  of  the  ceiling  as  before.  Dry,  dusty  air  was 
admitted  with  steam.  After  fifteen  minutes  the  ceiling  was  found 
to  be  covered  with  a  generally  distributed  adherent  deposit  with 
weak  though  definite  figures  around  the  obstacles — dark  in  front 
and  light  behind.  These  figures  were  clearly  present,  were  of  the 
same  kind  as  those  that  occur  on  ordinary  ceilings  and  were  per- 
manent in  that  they  could  not  be  blown  ofif.  More  marked  figures 
can  be  produced  in  the  same  length  of  time  with  a  smoky  bunsen 
flame  as  in  (la)  apparently  l^ecause  the  bunsen  smoke  is  itself 
more  sticky  and  finely  divided  than  the  dried  lamp  black  intro- 
duced bv  the  methods  here  used. 
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These  ten  experiments  seem  to  show  definitely  how  and  why 
wall  figures  of  the  two'  types  treated  are  produced.  The  facts 
proved  are  in  accordance  with  what  one  would  expect  on  the  basis 
of  ordinary  physical  common  sense.  On  account,  however,  of 
the  methods  used  in  this  work  it  is  not  claimed  that  other  factors 
than  those  affecting  the  distribution  of  moisture  films  as  influ- 
enced by  temperature  may  not  contribute  in  a  minor  way  to  the 
formation  of  figures  of  the  first  kind.  It  is  merely  contended  that 
under  all  ordinary  conditions  the  temperature-moisture  distribu- 
tion is  the  factor  of  predominating  importance  being  necessary^ 
and  sufficient  to  produce  all  of  the  observed  effects. 

SUMMARY. 

The  dust  figures  commonly  observed  on  walls  and  ceilings  are 
grouped  into  two  classes.  Certain  experiments  are  described 
showing  that  those  of  the  first  class  are  due  to  irregular  moisture 
deposition  on  the  surface  caused  by  a  corresponding  irreg^ilar 
temperature  distribution,  and  that  those  of  the  second  class  are 
due  to  deposition  around  obstacles  caused  by  decreased  carrj-ing 
capacity  of  the  air  stream  with  decreased  velocity. 

Randal  Morgan  Laboratory, 

University  of  Pennsylvania, 
November,  1918. 


Bacteriology  in  Food  Control. — Edwin  O.  Jordan,  of  the 
University  of  Chicago,  concludes  a  paper  on  the  "  Uses,  Possibilities 
and  Limitations  of  Bacteriology  in  Food  Control  "  (American 
Journal  of  Public  Health,  1920,  X,  142-144),  with  a  statement  of 
the  future  outlook  for  the  application  of  bacteriology  in  food  con- 
trol. "  Increasing  emphasis  will  be  laid  on  bacterial  methods  as  an 
aid  to  the  interpretation  of  the  sanitary  inspection  of  foodstuffs 
and  as  a  guide  to  satisfactory  sanitary  procedure.  Continued 
laboratory  investigation  of  the  two  best-known  instances  of  so- 
called  '  food  poisoning '  traceable  to  primary  bacterial  food  contami- 
nation, botulism  and  paratyphoid  meat  poisoning,  seems  urgently 
called  for  since  both  are  intimately  connected  witii  the  vital 
problems  of  food  conservation.  T^inally  the  nature  and  sanitary 
significance  of  the  i)ro(lucts  generated  by  bacteria.  ])articularly  the 
so-called  saphrophytic  bacteria,  in  foodstuffs  affords  a  practically 
untouched  field  for  investigation." 

J.  S.  H. 
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A  NEW  FORM  OF  VIBRATION  GALVANOMETER.' 

By  P.  G.  Agnew. 

[abstract.] 

\'iBRATiox  galvanometers  are  very  useful  in  a.  c.  null  meas- 
urements, but  have  not  been  much  used  in  industrial  laboratories 
on  account  of  their  being  sensitive  tO'  external  vibrations  and  re- 
quiring delicate  adjustments.  The  present  instrument,  which  has 
a  sensiiivity  higher  than  other  forms  of  the  moving-iron  type,  but 
less  than  that  of  the  most  sensitive  forms  of  the  moving-coil 
type,  has  the  advantages  of  sturdiness,  quick  responsiveness  and 
freedom  from  the  effects  of  external  vibration.  It  consists  essen- 
tially of  a  fine  steel  wire  mounted  on  one  pole  of  a  permanent 
magnet  and  so  arranged  that  the  free  end  of  the  wire  may  vibrate 
between  the  poles  of  an  electromagnet  through  which  flows  the 
current  to  be  detected.  The  motion  of  the  wire  is  observed  with 
a  microscope. 

The  "  resonance  range  "  is  about  one  per  cent. ;  that  is,  if  the 
frequency  of  the  current  isl  i  per  cent,  above  or  below  the  fre- 
quency of  resonance,  the  amplitude  of  vibration  will  be  half  as 
great  as  at  resonance.  The  sensitivity  is  such  that  with  a  i-ohm 
winding  an  e.m.f.  of  3  microvolts  may  be  detected,  and  with  a 
270-ohm  winding  a  current  of  0.05  microampere  can  readil}'^ 
be  detected. 

VAPOR  PRESSURE  OF  AMMONIA.' 
By  C.  S.  Cragoe,  C.  H.  Meyers,  and  C.  S.  Taylor. 

[abstract.] 

The  previous  measurements  of  the  vapor  pressure  of  am- 
monia are  briefly  reviewed  and  tabulated.  A  detailed  description 
is  given  of  the  apparatus  and  method  employed  in  the  present 
measurements  throughout  the  temperature  interval  -78°  to  +70° 
C.  Seven  samples  of  thoroughly  purified  ammonia  were  used. 
Special  tests  showed  less  than  i  part  in  100,000  by  volume  of 

*  Communicated  by  the  Director. 
'  Technologic  Paper  No.  370. 
'  Scientific  Paper  No.  369. 
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non-condensing  gases  and  less  than  o.oi  per  cent,  by  weight  of 
other  impurities.  The  methods  of  purification  and  filHng  mano- 
meters are  briefly  described.  The  phenomenon  of  hysteresis  was 
observed  near  the  normal  boiling  point  of  ammonia  with  a  com- 
mercial sample  containing  a  small  amount  of  air,  which  indicated 
the  necessity  of  very  complete  removal  of  dissolved  gases  for  any 
accurate  measurements  of  vapor  pressure  by  the  static  method. 
Lags  in  coming  to  equilibrium  were  encountered  and  studied  in 
order  to  determine  the  most  advantageous  procedure  in  estab- 
lishing equilibrium.  The  normal  boiling  point  of  ammonia  was 
determined  by  the  static  and  also  the  dynamic  method,  the  mean 
of  the  results  by  the  two  methods  being  -33.35°  C.  Two  empiri- 
cal equations  were  found  to  represent  closely  the  results  in  the 
temperature  range  covered  experimentally  and  also  the  latest  de- 
termination of  the  critical  data  for  ammonia.  The  results  of  122 
measurements  in  the  interval  -78°  to  +25°  C.  made  with  direct 
observations  of  mercury  columns  agree  with  the  empirical  equa- 
tions within  I  mm.  of  mercury.  The  results  of  28  measurements 
in  the  interval  +15°  to  +70°  C.  made  with  an  accurately  calibrated 
piston  gauge  agree  with  the  empirical  equations  within  about 
3  mm.  of  mercury.  As  a  final  result  the  vapor  pressure  of  am- 
monia is  expressed  in  the  range  -80°  to  +70°  C.  by  either  of  the 
following  equations : 

1914.9569 

log  p  =  30.256818  — —  8.4598324  log  d 

0 
+  2.39309  X  I0-'  0  +  2.955214  X  10-'  ^' 

1648.6068  ,  „.  , 

log  p  =  12.465400  — 0.01638646  0  +  2..403267 

0 
X  io-'(9'—  1. 168708  X  10-'^' 

where  p  is  expressed  in  mm.  of  mercury  and  0  in  degrees  abso- 
lute (°abs=  °C  + 273.1). 


IONIZATION  AND  RESONANCE  POTENTIAL  FOR  ELECTRONS 
IN  VAPORS  OF  LEAD  AND  CALCIUM.' 

By  F.  L.  Mohler,  Paul  D.  Foote,  and  H.  M.  Stinson. 

(AltSTRAtT.l 

Measurements  of  electron  currents  in  three  electrode  vac- 
uum tubes  of  the  type  previously  described  have  been  made  in 
vapors  of  lead  and  calcium. 

"Scientific  Paper  No.  368. 
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The  lead  and  calcium  were  boiled  in  porcelain  tubes  at  tem- 
peratures of  about  1000  and  900,  respectively.  Current  volt- 
age curves  in  lead  showed  a  resonance  potential  of  1.26  volts  and 
an  ionization  potential  of  7.93  volts.  Applying  the  quantum  re- 
lation J'c  =  ln'  we  find  that  1.26  volts  corresponds  within  experi- 
mental error  to  the  frequency  of  a  strong  infra-red  spectrum  line 

o 

at  A=  10,291  A  giving  a  theoretical  value  of  the  resonance  po- 
tential 1. 198  volts. 

In  calcium  two  resonance  potentials  were  found  at  1.90  volts 
and  at  2.85  volts  of  which  the  first  is  the  most  prominent.  Ion- 
ization occurred  at  6.01  volts.     The  ionization  potential  corre- 

o 

sponds  to  the  limit  of  the  principal  series  1.5  ^,  A  =  2027  A  giving 
as  the  theoretical  value  F  =  6.081  volts.  The  first  resonance  is 
determined  by  the  line  1.5  ^  -  2p..  =  6572.78  A,  V  =  1.877  volts. 
The  second  resonance  corresponds  to  the  line  1.5  S-   2  P,  k  = 

o 

4228.73  A,  F  =  29i8  volts. 

The  spectral  relations  of  the  first  resonance  potential  and 
ionization  potential  are  analogous  to  the  relation  found  with 
other  metals  in  this  group.  Work  of  other  observers  shows  that 
both  the  lines  1.5  S  -  2  P  and  i.^  S  -2  po  appear  below  the  ioniza- 
tion potential  in  most  metals  of  this  group. 


RECOMMENDED   SPECIFICATIONS  FOR  ZINC  OXIDE,  DRY 

AND  PASTE.* 

[abstract.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization,  January  12, 
1920.  This  committee  was  appointed  at  the  suggestion  of  the  Sec- 
retary pi  Commerce,  and  consisted  of  representatives  of  the  War, 
Navy,  Agricultural,  Interior,  Post  Office,  Treasury,  and  Com- 
merce Departments,  the  Railroad  Administration,  the  Panama 
Canal,  and  the  Educational  Bureau  of  the  Paint  Manufacturers' 
Association  of  the  United  States.  The  committee  submitted  a 
preliminary  draft  of  the  specification  to  a  large  number  of  repre- 
sentatives of  the  paint  and  varnish  industries,  including  the  manu- 
facturers of  zinc  oxide,  and  gave  careful  consideration  to  the 
replies  received  in  time. 

*  Circular  No.  87. 
Vol.  189,  No.  1132 — 2,7 
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CONTRAST  SENSIBILITY  OF  THE  EYE.' 
By  Enoch  Karrer  and  E.  P.  T.  Tyndall. 

[abstract.] 

A  KNOWLEDGE  of  the  Contrast  sensibility  of  the  eye  is  very 
essential  to  the  proper  understanding  of  the  theory  and  use  of 
Searchlamps  and  Searchlight  Illumination. 

The  searchlamp  is  used  at  night  when  the  eye  is  generally 
adapted  to  low  levels  of  illumination.  If  the  observer  is  far  re- 
moved from  the  searchlamp  the  illumination  may  be  simply  that 
from  the  moon  and  sky.  If  he  is  near  the  lamp,  however,  he  must 
look  through  the  diffused  light  along  the  beam. 

In  order  to  be  visible,  the  target  must  be  illuminated  to  a 
degree  that  will  make  sufficient  contrast  in  brightness  or  color 
between  it  and  this  surrounding  field.  Data  are  given  showing 
the  relationship  that  exists  between  the  brightness  and  the  size  of 
the  target  and  the  brightness  of  the  surrounding  field. 

In  these  experiments  a  large  surface  painted  white  was  il- 
luminated with  an  incandescent  lamp.  The  target  consisted  of  a 
rectangular  spot  of  this  surface  more  brightly  illuminated  by 
means  of  a  projection  lantern,  equipped  with  a  simple  bilateral  slit. 
The  image  of  the  slit  determined  the  boundaries  of  the  test  spot 
or  "  target,"  the  length  of  which  could  be  varied  by  varying  the 
slit  width.  Precautions  were  taken  to  have  the  brightness  across 
the  image  of  the  slit  uniform.  The  brightness  of  either  the  test 
spot  or  field  could  be  varied  by  means  of  sectored  discs,  so  that 
any  desired  contrast  between  them  could  be  obtained  for  any 
given  brightness  of  field. 

Curves  are  given  showing  relation  between  length  of  test  spot 
and  the  brightness  of  the  field  for  various  contrasts,  and  also  curves 
showing  relationship  between  the  length  of  test  spot  and  contrast 
between  field  and  spot  for  various  values  of  the  field  brightness. 


TURBIDITY   STANDARD   OF  WATER  ANALYSIS." 
By  P.  V.  Wells. 

[ahstract.] 

Tjie  amount  of  suspended  matter  in  water  is  estimated  by  its 
turbidity,  hence,  a  reliable  standard  of  turbidity  is  necessary. 

"  Scientific  Paper  No.  366. 
°  Scientific  Paper  No.  367. 


April.  I9-XJ.]       U.  S.  Bureau  of  Standards  Notes.  511 

To  develop  sucli  a  standard  was  the  object  in  view  when  this  in- 
vestigation was  undertaken. 

The  optical  principles  of  turbidity  and  the  results  obtained 
by  classic  theories  on  the  subject  are  summarized.  \^arious 
methods  in  vogue  for  measuring  turbidit}'  have  been  repeated 
with  the  purpose  of  determining  their  comparative  reliability. 
Turbidity  standards  from  a  number  of  water  laboratories  were 
obtained  and  compared.  Tentative  suggestions  are  given  for 
avoiding  the  large  variation  between  standards  which  was  found. 


RECOMMENDED  SPECIFICATIONS  FOR  LEADED  ZINC  OXIDE, 
DRY  AND  PASTE.' 

[abstr.act.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization,  January  12, 
1920.  This  committee  was  appointed  at  the  suggestion  of  the 
Secretary  of  Commerce,  and  consisted  of  representatives  of  the 
A\'ar,  Navy,  Agricultural,  Interior,  Post  Office,  Treasury,  and 
Commerce  Departments,  the  Railroad  Administration,  the  Pan- 
ama Canal,  and  the  Educational  Bureau  of  the  Paint  Manufac- 
turers' Association  of  the  United  States.  The  committee  sub- 
mitted a  preliminan-  draft  of  the  specification  to  a  large  number 
of  representatives  of  the  paint  and  varnish  industries,  including 
the  manufacturers  of  leaded  zinc  oxide,  and  gave  careful  consid- 
eration to  the  replies  received  in  time. 


RECOMMENDED    SPECIFICATIONS   FOR  TURPENTINE   (GUM 
SPIRITS  AND  WOOD  TURPENTINE).' 

[abstr.^ct.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization,  October  2.^, 
1919.  This  committee  was  appointed  at  the  suggestion  of  the 
Secretary  of  Commerce,  and  consisted  of  representatives  of  the 
War,  Navy,  Agricultural,  Interior,  Post  Office,  Treasury,  and 
Commerce  Departments,  the  Railroad  Administration,  the  Pan- 

'  Circular  No.  88. 
'  Circular  No.  86. 
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ama  Canal,  and  the  Educational  Bureau  of  the  Paint  Alanufactur- 
ers'  Association  of  the  United  States.  The  Committee  submitted  a 
preliminary  draft  of  the  specification  to  a  large  number  of  repre- 
sentatives of  the  naval  stores  industries  and  the  paint  and  varnish 
industries,  and  gave  careful  consideration  to  the  replies  received 
in  time. 


Tests  of  Dopes  and  Fabrics.  (Aircraft  Technical  Note,  Bureau 
of  Construction  and  Repair,  Navy  Department.) — Dopes  made  from 
cellulose  acetate  have  for  some  time  been  given  preference  in  aircraft 
work,  though  more  expensive  than  those  made  from  the  cellulose 
nitrate.  The  former  product  requires  the  use  of  acetic  acid  and  acetic 
anhydride  in  its  manufacture,  which  chemicals  are  costly  and  needed 
for  other  important  industries.  It  has  been  found  that  the  admix- 
ture of  from  5  to  8  per  cent,  of  ammonium  phosphate  or  ammonium 
magnesium  phosphate  to  the  nitrate  adds  material  tire-resistance 
properties.  The  subject  of  non-inflammable  fabrics  has  also  been 
studied,  samples  having  been  submitted  for  the  purpose.  It  was 
found  that  these  had  been  prepared  by  impregnation  with  ammonium 
phosphate.  These  fabrics  are  measurably  fire-resisting,  since  when 
ignited  a  notable  amount  of  ammonia  is  evolved,  which  quenches 
the  flame. 

H.  L. 

Waterproof  Finishes.  (Aircraft  Technical  Note,  Bureau  of 
Construction  and  Repair,  Navy  Department.) — The  Forest  Service 
has  recently  been  experimenting  with  the  waterproofing  properties 
of  wood-finishing  preparations.  Among  other  articles,  a  phenol  con- 
densation resin  was  tried,  which  was  very  efficient,  but  difficult  to 
apply,  as  the  wood  must  be  well  dried.  Paraffin  and  beeswax,  fol- 
lowed by  varnishing,  did  not  afford  protection,  and  coating  with 
metals  by  the  spraying  methods  was  also  unsatisfactory,  especially 
as  it  is  likely  that  the  coating  will  be  torn  by  the  centrifugal  force 
developed  in  the  rotation  of  the  propeller.  Good  results,  however, 
were  obtained  by  filling  the  wood,  varnishing,  coating  with  the  liquid 
used  for  making  gold  size,  and  then  applying  aluminum  leaf.  After 
drying,  the  surface  is  varnished  with  a  highly  waterproof  varnish. 
Ahmiinum  leaf  is  preferred  on  account  of  toughness.  Experiments 
were  made  by  coating  electrolytically  with  copper.  This  makes  a 
good  resistance,  but  the  metal  does  not  adhere  well.  Good  results 
were  obtained  with  hard  rubber  (about  3  mm.  thick).  Good  spar 
varnish.  csi)ecially  when  four  coats  are  used,  gives  excellent  results, 
which  are  markedly  imj^roved  by  adding  enamel,  which  indicates  the 
advisability  of  using  such  enamel  paints  instead  of  plain  varnish  in  all 
constructions  exposed  nnich  to  moisture. 

H.  L. 


NOTES  FROM  THE  RESEARCH  LABORATORY 
EASTMAN  KODAK  COMPANY.* 


NEW  TURBIDIMETER  FOR  SOLUTIONS  OF  GELATINE,  CEL- 
LULOSE, VARNISHES,  ETC 

By   S.   E.   Sheppard. 

A  TURBIDIMETER  for  definite  thickness  of  fluid  is  described. 
It  is  based  on  the  continuously  variable  visibility  of  a  standard 
object,  consisting  of  two  crossed  gratings  which  can  be  rotated 
in  opposite  directions  alx)ut  a  common  axis.  It  is  shown  that  for 
the  practical  limits  of  working  if  A,n„z  be  the  angle  for  the  visibility 
limit  for  any  standard  medium,  e.g.,  distilled  water,  lacquer  solv- 
ent, etc.,  and  if  ^4  be  the  angle  for  the  same  thickness  of  turbid 
solution,  then  putting  Amax,  /A  =  loo/C,  the  percentage  clarity 
C,  is  obtained,  =  loo  A /Amax. 

The  advantages  of  using  per  cent,  clarity  figures,  instead  of 
arbitrary  turbidity  figures,  are  emphasized,  and  the  technic  for 
use  of  verv  viscous  solution  with  volatile  solvents  discussed. 


CHEMICAL  INDUCTION  IN  PHOTOGRAPHIC  DEVELOPMENT. 
I.  INDUCTION  AND  THE  WATKINS'  FACTOR.^ 

By  S.  E.  Sheppard  and  G.  Meyer. 

The  Lainer  effect,  which  consists  in  the  acceleration  of  devel- 
opment by  dilute  solutions  of  soluble  iodides  has  been  investi- 
gated quantitatively  and  found  to  affect  chiefly  organic  developers 
of  low  reduction-potential,  such  as  hydrocjuinone.  Such  devel- 
opers, having  a  low  Watkins  factor,  show  a  marked  induction 
period ;  it  is  now  shown  that  this  is  reduced  by  soluble  iodide,  the 
principal  action  of  which  is  to  increase  the  Watkins  factor.  The 
action  is  discussed  in  connection  with  the  mechanism  of  develop- 
ment. Evidence  is  brought  forward  against  Liippo-Cramer's 
theory  of  "  nucleus  activation,"  and  in  support  of  the  view  that 

*  Communicated  by  the  Director. 

*  Communication  No.  8i  from  the  Research  Laboratory  of  the  East- 
man Kodak  Company,  published  in  /.  Ind.  Eng.  Chem.,  1920,  p.  167. 

'Communication  No.  84,  published  in  Phot.  J.,  1920,  p.  12. 

513 


514  Eastman  Kodak  Company  Notes.  [J- F.I. 

the  action  depends  upon  increased  adsorption  of  the  developing 
agent.  Tlie  bearing  of  this  view,  including  the  possibility  of  a 
solid  complex  formation  between  developer  and  silver  halide  on 
the  mechanism  of  development  is  discussed,  the  modification  con- 
sisting in  regarding  the  photo-chemical  action  of  light  and  devel- 
opment as  a  process  of  coupling  typified  by : 

^.absorption enucleation    — — — .^ ^rearrangement 

Silver  Halide  and 

^       ,  ^^  adsorption ^intermediate   -^^"^^      rpHnrtinn 

Developer ^  , 

complex 

In  addition  there  is  a  fogging  action  of  dilute  iodide  solutions,  on 
silver  bromide  emulsions,  which  is  ascribed  to  nucleus  infection 
of  the  grain. 

Technical  Applications  of  Ethyl  Chloride  are  described  by 
Albert  Henning  in  Journal  of  the  Society  of  Chemical  Industry, 
TramsCictions,  1920,  xxxix,  1-8.  Commercial  ethyl  chloride  has  a 
high  state  of  purity,  it  is  not  poisonous,  and  is  not  more  inflam- 
mable than  methylated  spirit  or  benzine.  High  pressure  appa- 
ratus is  not  required  in  its  use,  since  its  gauge  pressure  is  only 
12  pounds  per  square  inch  at  a  temperature  of  30°  C.  Ethyl 
chloride  is  used  as  an  ethylating  agent  in  the  manufacture  of 
dyestuffs  and  pharmaceutical  products,  as  a  solvent,  as  a  refrig- 
erant, and  as  an  anaesthetic,  either  local  or  general.  On  the  basis 
of  its  ethyl  content,  ethyl  chloride  is  the  cheapest  ethylating 
agent ;  when  used  for  such  a  purpose  in  an  autoclave,  the  stulTing- 
box  of  the  latter  should  be  provided  with  asbestos  packing  im- 
pregnated with  glycerin.  Ethyl  chloride  is  a  good  solvent  for 
fats,  oils,  and  simple  organic  compounds,  and  may  be  used  for 
their  extraction.  Organic  coiupounds  which  contain  several  hy- 
droxyl  groups  are  dissolved  to  but  a  slight  extent,  if  at  all.  A 
solid  is  obtained  in  crystalline  form  from  its  solution  by  cooling 
that  solution  ;  if  the  solvent  be  ethyl  chloride,  the  crystals  may  be 
ol)tained  by  evaporation  of  the  solvent  under  reduced  pressure, 
for  the  temperature  of  the  solution  then  falls  to  -15°  or  -20°  C 
Ethyl  chloride  is  the  best  refrigerant  for  household  machines,  since  it 
may  be  used  at  a  low  ])ressure,  not  exceeding  15  pounds  per 
s([uare  inch.  It  is  also  used  for  this  purjiose  in  large  machines  on 
.both  land  and  ships.  In  chemical  manufacture,  when  refrigera- 
tion is  required,  ethyl  chloride  may  lie  used  as  the  refrigerant, 
since  it  may  be  circulated  directly  through  the  ajijiaratus ;  and 
circulation  of  cooled  brine  is  entirely  eliminated.  When  a  spray 
of  ethyl  chloride  is  directed  on  a  small  object,  the  temperature  of 
the  latter  may  be  reduced  as  low  as  -30°  C. 

J.  S.  H. 


NOTES  FROM  THE  LABORATORY,  GENERAL 
ELECTRIC  COMPANY.- 


THEORY  OF  UNIMOLECULAR  REACTION  VELOCITIES. 
By  Saul  Dushman. 

For  some  time  Dr.  Langmiiir  and  the  writer  have  been 
working  over  the  material  for  a  paper  on  the  velocity  of  chemical 
reactions.  In  the  course  of  the  discussion  of  this  subject,  more 
especially  in  the  consideration  of  the  radiation  theory  recently 
suggested  by  ^\^  C.  McC.  Lewis,  it  occurred  to  the  writer  that  in 
the  case  of  unimolecular  gas  reactions,  e.g.,  the  dissociation,  H2 
-^2H.  a  formula  could  be  deduced  for  calculating  the  rate  of 
reaction,  which  is  much  simpler  than  the  purely  empirical  rela- 
tion proposed  by  Lewis. 

Assuming  that  the  rate  of  dissociation  of  a  gas  A^,  at  any 
instant,  is  porportional  to  the  concentration  of  the  gas  in  the 
undissociated  (or  molecular)  state,  we  can  express  this  assump- 
tion by  means  of  the  relation, 

—-2  =  k^n.,   ( I ) 

at 

n,  =  number  of  undissociated  molecules  per  unit  volume. 
^2=  reaction-velocity   constant  at   the   given  temperature. 

Since  this  relation  means  that  the  fraction  of  Ao  converted 
into  the  atomic  state  during  any  interval  of  time  is  independent 
of  the  concentration,  it  must  therefore  follow,  as  pointed  out  by 
Perrin,  that  the  rate  of  dissociation  is  not  dependent  upon  the 
frequency  of  collision  between  molecules  of  Ao.  In  other  words, 
the  value  of  ^2  iri  the  above  equation  must  be  dependent  only  upon 
the  temperature  and  the  internal  structure  of  the  molecule. 

The  dimension  of  ko  is  r\  and  does  not  involve  either  mass 
or  volume.  Furthermore,  from  the  fact  that  the  rate  of  disso- 
ciation cannot  be  infinitely  great,  it  is  evident  that  only  a  certain 
fraction  of  the  molecules  must  be  capable  of  dissociating  at  any 
instant,  that  is,  are  in  the  "  active  state."  Since  k,,  increases  with 
the  temperature,  we  can  assume  that  the  value  of  this  fraction 

*  Communicated  by  the  Director. 
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also  increases  (at  the  same  rate  as  k.^)  with  the  temperature. 
Following  the  considerations  developed  by  Alarcelin,  Rice  and 
Lewis,  we  can  express  the  value  of  this  fraction,  «  ,  at  any  tem- 
perature, T,  by  means  of  the  reaction 

oc    =  e-e/^^ 

where  Q  =  heat  of  dissociation  per  mol  A2,  and  e  and  R  have 
their  usual  signification. 

Thus  k^  contains  both  «  and  a  number  which  has  the  dimen- 
sions t'\  Now,  let  us  assume  firstly  that  we  can  write  Q  -  Nh  v 
(Haber,  Lewis,  etc.),  where  iV  =  6.062  x  10^^  (the  number  of 
molecules  per  mol),  h  is  Planck's  constant,  and  v  is  some  vibra- 
tion-frequency. Since  T^/A'^  =  ^  =  1.372  x  iio"^''  ergs/deg.,  we 
thus  obtain  the  relation, 

cr.  =  £   -hv/kt 

Since  v  has  the  dimensions  f"^ ,  we  shall  now  make  a  second 
assumption  that  the  value  of  the  disssociated  constant  A'2  is  given 
by  the  relation 

h  =  .e-^''/kT (2) 

_  Q_ 

Q_         RT (3) 

In  other  words,  the  rate  at  which  the  molecules  Ao  dissociate 
depends  only  upon  the  heat  of  dissociation  and  the  temperature. 
The  exact  significance  of  this  equation  will  be  discussed  more 
fully  in  the  paper  to  be  published  shortly  by  Dr.  Langmuir  and 
the  writer.  That  it  has  some  kind  of  universal  significance  fol- 
lows from  Dr.  Langmuir's  observation  that  equation  (3)  is  also 
applicable  to  the  phenomena  of  evaporation  and  electron  emis- 
sion. Evidently  it  adds  more  mystery  to  the  significance  of  the 
quantum  constant  //.  Such  discussion  must,  however,  be  post- 
poned for  the  more  comprehensive  paper  on  this  subject. 

So  far  as  the  writer  is  aware,  the  only  unimolecular  reaction 
whose  velocity  constant  has  been  measured  directly  is  the  disso- 
ciation of  PH;',,  for  which,  according  to  Trantz  (Z.  S.  f.  anorg. 
Chem.  106,  95,  1919),  the  value  of  A\,  at  7  =  495,  is  10.2  x  lo"^. 
while  Q  has  a  value  between  70,000  and  80,000  calories.  By 
means  of  equation  (3)  and  using  the  above  value  of  k->,  we  obtain 
the  result  (}  =  72,800.  The  agreement  is  thus  very  satisfactory 
in  this  case. 
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The  validity  of  equation  (^)  may,  however,  be  checked  in- 
directly from  determinations  of  the  equilibrium  constants  and 
consideration  based  on  the  kinetic  theory  of  gases,  as  follows : 

Let  w,  denote  the  number  of  atoms  per  unit  volume  at  any 
instant.  Then  the  rate  of  combination  is  given  by  the  number  of 
collisions.  If  it  is  assumed,  as  seems  reasonable,  that  every 
collision  between  atoms  results  in  the  formation  of  a  molecule,  we 
derive  the  equation 


t'^^"^^S/^- (4) 


VF 


where 


ff  =  molecular  (or  atomic)  diameter. 
C  =  root  mean  square  velocity  of  atoms 


Hence, 


!  3RT 
M  =  Atomic  weight. 


dt    ~  " 


\^r    (4a) 


If  Cj  and  To  denote  concentration  in  mols  per  cm^  of  the  disso- 
ciation products  and  undissociated  substances,  respectively,  we 
have  the  ordinary  relations, 

-de. 


dt        ^''' 
dt  '   ' 


Since  Co  =  112/ N ,  and  c ]  ==  n^/N,  it  follows  that  the  equilib- 
rium constant, 


K  = 


cr         ki 


''-      ^'       mhc^yj^!^^ 


In  the  case  of  H.^  and  Z^,  the  equilibrium  constants  for  the  dis- 
sociation into  atoms  are  known  with  a  fair  degree  of  accuracy. 
Data  are  also  available  for  Br^  and  Cl>,  the  last  mentioned  being 
very  inaccurate.  The  following  table  gives  the  values  of  Q  cal- 
culated by  means  of  equation  (5)  from  the  observed  values  of 
K  at  different  temperatures  for  each  gas.   The  last  column  gives 
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the  most  reliable  values  of  O  as  derived  from  the  temperature- 
coefficients  of  the  equilibrium  constant  A'.  It  is  evident  that  the 
agreement  is  very  satisfactory. 


Gas 

10'  X  <r 

T 

0  calc. 

Qobs. 

H, 

2.0 

2000 

89,600 

87,000 

I. 

4.52 

1073 

36,300 

36,000 

Br, 

3-74 

1000 

46,600 

46,160 

CI, 

3.30 

1940 

86,900 

(86,000) 

The  Thermal  Conductivity  of  Solid  Insulators.  W.  M.  Thorn- 
ton. {Phil.  Mag.,  December,  1919.) — An  inspection  of  the  meas- 
ured values  of  the  heat  conductivity  of  insulators  leads  him  to 
conclude  that  this  quantity  is  equal  numerically  to  the  product 
of  the  coefficient  of  elasticity  concerned  in  the  propagation  of 
sound  by  the  density  of  the  substance.  He  tabulates  the  three 
quantities:  (a)  heat  conductivity;  {h)  product  of  coefficient  of 
elasticity  by  density,  and  {c)  square  of  the  product  of  velocity  of 
sound  by  density  (this  should  equal  the  second  of  the  three  quan- 
tities by  the  known  relation — velocity  of  sound  equals  the  square 
root  of  elasticity  divided  by  density)  for  quartz,  various  kinds  of 
glass,  graphite,  marble,  mahogany,  deal,  ice,  paraffin  wax.  The 
agreement  is  striking.  For  India  rubber  and  for  cork,  however, 
the  rule  breaks  down.  The  author  draws  the  conclusion:  "The 
chief  practical  qualification  of  a  material  as  a  heat  insulator  is 
that  it  should  be  light  and  inelastic." 

G.  F.  S. 

Preparation  of  Arsenic  Trichloride  from  White  Arsenic  and 
Phosgene. — L.  H.  Millican,  W.  A.  Balde,  and  H.  G.  Bovn 
{Journal  of  Industrial  and  Engineering  Chemistry,  1920,  xii,  221- 
223)  of  the  Edgewood  Arsenal  have  prepared  arsenic  trichloride  on 
both  a  laboratory  and  a  commercial  scale  by  the  reaction  between 
arsenious  oxide  (white  arsenic)  and  carbonyl  chloride  (phosgene)  in 
the  presence  of  carbon  as  a  catalyst.  The  carbonyl  chloride,  which  is 
a  gas,  may  be  used  as  such  or  mixed  with  air ;  it  is  passed  over  a  mix- 
ture of  white  arsenic  and  carbon  which  is  heated  to  a  temperature 
above  175°  C.,  usually  200°  to  260°  C.  The  arsenious  chloride,  which 
is  formed,  is  recovered  from  the  resulting  gases  by  passing  them 
through  a  condenser.  The  yield  is  almost  quantitative.  Carbon  diox- 
ide is  the  other  product  of  the  reaction.  It  is  suggested  that  this  reac- 
tion of  ])hosgene  may  possibly  be  used  for  the  i)reparat"on  of  other 
inorganic  chlorides. 

I.  S.  H. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY.* 


THE  HEPTOSES  FROM  GULOSE  AND  SOME  OF  THEIR 
DERIVATIVES.' 

By  F.  B.  LaForge. 

[abstract.] 

The  two  epimeric  giiloheptonic  acids  were  obtained  by  the 
cyanliydrin  synthesis  from  pure  giilose,  and  separated  by  con- 
verting them  into  their  barium  salts.  The  barium  salt  of  the 
alpha  acid,  being  cr}'stalline  and  difficultly  soluble  in  water,  was 
easily  purified.  From  the  barium  salt,  the  free  acid  was  prepared 
as  an  uncrystallizable  syrup.  The  phenylhydrazid  was  prepared 
and  found  to  melt  at  191°.  It  showed  (x)d-''  =  -15.4.  The 
syrupy  acid,  when  reduced  in  the  usual  manner  with  sodium 
amalgam,  yielded  cr}-stalline  alpha  guloheptose  of  the  following 
properties  :M.  P.  i85°-i87°,  uncorr.  (oc)^^^  =  -65.65.  It  was 
much  less  soluble  in  water  than  most  sugars. 

Upon  further  reduction  of  the  sugar,  alpha  guloheptitol  was 
obtained  (j\I.  P.  138^-141°).  It  showed  a  slight  dextro  rotation 
in  borax  solution. 

This  compound  is  identical  with  beta  guloheptitol  obtained  by 
Pierce  (/.  Biol.  Chcm.,  23  1327 ). 

The  compounds  of  the  beta  series  were  prepared  from  beta 
guloheptonic  acid,  which  remained  as  the  barium  salt  in  solution 
after  the  cr}-stallization  of  the  alpha  compound. 

The  free  acid  w^hich  still  contained  some  of  the  alpha  deriva- 
tive was  reduced  with  amalgam  and  freed  from  sodium  salts 
by  means  of  alcohol.  The  resulting  mixture  of  beta  guloheptose, 
together  with  some  of  the  alpha  sugar  and  some  of  the  unreduced 
acid,  was  mixed  wnth  glacial  acetic  acid  in  which  the  alpha  com- 
pound is  almost  insoluble.  By  this  means  a  syrup  containing 
almost  no  alpha  sugar  was  obtained.  Upon  reduction  of  the  re- 
sulting mixture  with  amalgam  it  was  possible  to  prepare  a  syrup 
which  yielded  the  benzal  derivative  of  beta  guloheptitol.  From  the 

*  Communicated  by  the  Chief  of  the  Bureau. 
'Published  in  J.  Biol.  Chcm.  41,  251,  1920. 
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purified  benzal  derivative  the  beta  heptitol  was  obtained  by 
hydrolysis.  This  compound  mehed  at  128^-129°  uncorr.,  and 
showed  an  optical  activity  too  small  to  be  measured. 


THE   ARSENATES    OF   CALCIUM:      I.   EQUILIBRIUM    IN    THE 

SYSTEM  ARSENIC  PENTOXIDE,  CALCIUM  OXIDE,  WATER 

AT  35°   (ACID  SECTION).^ 

By  C.  M.  Smith. 

[abstract.] 

Calcium  arsenate  has  recently  become  important  as  an  agri- 
cultural spray  material,  particularly  in  connection  with  the  fight 
to  control  the  boll  weevil  in  the  southern  cotton  fields. 

Owing  to  the  harmful  action  of  so-called  "  soluble  arsenic  " 
on  plant  tissues,  it  is  necessary  to  know  in  detail  the  action,  of 
water  on  any  arsenical  spray  material.  In  this  case  a  general 
study  of  the  system  AsoOr,,  CaO,  H.^O  at  35°  was  attempted. 
The  present  paper  covers  only  the  range  in  which  the  solutions 
are  acid  to  phenolphthalein. 

Numerous  empirical  mixtures  of  the  three  components  were 
made.  After  agitation  for  a  suitable  period,  these  were  filtered, 
and  both  filtrates  and  wet  residues  analyzed.  Graphical  analysis 
then  led  to  a  knowledge  of  the  composition  of  the  solid  phases. 
Finally  the  results  were  interpreted  in  terms  of  the  phase 
rule  criteria. 

Three  compounds  have  been  found  to  exist  in  the  region  in- 
vestigated. Dicalcium  arsenate  monohydrate,  CaHAs04.H20, 
which  occurs  in  nature  as  the  mineral  Haidingerite,  exists  in 
contact  with  solutions  which  vary  almost  linearly  from  o.io  per 
cent.  CaO,  0.20  per  cent.  As20r,  to  6.8  per  cent.  CaO,  27.5  per  cent. 
As^Or,.  The  latter  is  the  invariant  point  at  which  the  second  solid 
phase,  monocalcium  arsenate  CaH4(As04) 2, appears.  This  mono- 
calcium  arsenate  is  stable  in  contact  with  solutions  which  vary  ap- 
proximately linearly  from  the  above-mentioned  invariant  point 
to  another  invariant  point  at  o.ii  per  cent.  CaO,  72  per  cent. 
As^Or,.  Here  the  third  solid  phase,  3AS.O.V5H0O.  makes  its  ap- 
pearance. The  arsenic  in  solution  at  the  second  invariant  point 
agrees  quite  well  with  the  solubility  of  the  hydrate  3As20.-,.5lI:.0 
as  determined  by  other  investigators  (Menzie  and  Potter). 

'  Ptihlished  in  /.  .///;.  Clu-in.  Soc.  42,  259.   IQJO. 


April.  I5MO.]      U.  S.  Bureau  of  Chemistry  Notes.  521 

A  graph  given  in  the  Journal  article  shows  the  various  rela- 
tionships mentioned  here,  and  permits  of  the  prediction  of  the 
behavior  of  any  empirical  mixture  of  AS2O5,  CaO  and  H^O 
within  the  region  investigated. 


ALKALI   FUSIONS:      I.  THE   FUSION    OF   SODIUM   p-CYMENE 

SULFONATE  WITH  SODIUM  HYDROXIDE  FOR  THE 

PRODUCTION    OF   CARVACROL.' 

By  H.  D.  Gibbs  and  Max  Phillips. 

[abstract.] 

Ax  apparatus  which  is  particularly  well  adapted  to  the  study 
of  alkali  fusions  has  been  devised  in  the  Bureau  of  Chemistry. 
It  consists  of  a  bath  of  melted  tin-lead  alloy,  properly  insulated 
and  heated  by  means  of  gas.  The  temperature  of  the  bath  can  be 
maintained  ver\-  nearly  constant.  The  mixture  to  be  fused  is 
placed  in  six  fusion  tubes,  made  of  heavy  steel  and  provided  with 
screw  caps  and  copper  gaskets,  which  can  be  screwed  down  until 
they  are  gas-tight.  A  system  of  racks  and  gears  makes  it  possible 
to  lower  the  tubes,  which  are  firmly  held  on  a  carrier,  intO'  the 
bath.  These  tubes  are  revolved  by  means  of  an  electric  motor 
through  a  proper  mechanical  device,  the  tumbling  motion  thus 
imparted  mixing  the  molten  contents  thoroughly.  With  this  ap- 
paratus six  points  on  a  curve  may  be  obtained  in  one  run. 

Using  this  apparatus,  a  study  was  made  of  the  yield  of  car- 
vacrol  obtained  when  sodium  cymene  sulfonate  is  fused  with 
sodium  hydroxide.  In  order  to  determine  the  optimum  condi- 
tions for  obtaining  the  highest  yield  of  carvacrol,  it  was  neces- 
sary to  study  the  following  factors  which  influence  the  yield :  ( i ) 
Proper  fusion  temperature;  (2)  proper  fusion  period;  (3)  ratio 
of  sodium  hydroxide  to  the  sodium  cymene  sulfonate;  (4)  rela- 
tion l^etween  the  carvacrol  yield  and  the  percentage  of  water 
in  the  charge. 

The  results  obtained  show  that  the  best  yield  (75  per  cent.) 
of  carvacrol  was  obtained  when  the  fusion  was  conducted  at  350° 
C.  When  fused  at  this  temperature,  six  hours  seemed  to  be  the 
optimum  fusion  period.  So  far  as  the  sodium  hydroxide  is  con- 
cerned, a  little  more  than  the  theoretical  amount  should  be  used, 

•Published  in  /.  Ind.  Eng.  Chem.,  12,  145,  igao. 
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2.2  moles  sodium  hydroxide  to  i  mole  of  sodium  cymene  sul- 
fonate being  sufficient.  The  presence  of  an  appreciable  amount 
of  water  in  the  fusion  mixture  tends  to  reduce  somewhat  the 
carvacrol  yield.  When  water  is  added  to  the  charge  to  the  extent 
of  50  per  cent,  of  the  sodium  hydroxide  used,  the  fusion  period 
should  be  increased  to  ten  hours  in  order  to  secure  the  best  yield. 


The  Revival  of  the  Myth  about  Gunfire.  Sir  Napier  Shaw. 
(Quarterly  Journal,  Royal  Meteorol.  Soc,  April,  1919.) — In  an 
address  before  the  Society  its  president  says :  "  And,  by  way 
of  parenthesis,  it  would  seem  that  the  Queen  of  the  Air,  the 
Goddess  of  Wisdom,  according  to  the  Greeks,  sometimes  makes 
merry  at  mortals'  expense.  During  the  war  there  was  a  good 
deal  of  arguing  upon  the  time-honored  subject  of  the  in- 
fluence of  gunfire  upon  the  weather.  With  the  signing  of  the 
Armistice  on  November  11,  1918,  there  came  a  spell  of  calm  fine 
weather,  so  that  once  more  it  became — shall  I  say  apparent? — 
that  with  the  cessation  of  gunfire  came  the  repose  of  the  elements, 
which,  as  some  vigorous  writers  would  have  us  believe,  were 
under  the  control  of  our  enemies'  artillery.  And  then  as  the 
period  of  the  Armistice  went  on  and  the  guns,  now  mute,  passed 
forward  towards  the  East,  like  so  many  other  things  that  have  to 
do  with  the  weather,  there  came  upon  us  a  succession  of  dismal 
dripping  days,  the  like  of  which  we  may  not  wish  to  see  again, 
but  assuredly  we  shall,  guns  or  no  guns,  if  we  live  long  enough; 
and  once  more  we  can  assert  that  whatever  else  it  may  be  that 
controls  the  weather,  it  certainlv  is  not  the  absence  of  gunfire." 

G.  F.  S. 

The  Lunar  Tide  in  the  Earth's  Atmosphere.  S.  Chapman. 
{Quarterly  Journal,  Royal  Meteorol.  Soc.) — From  the  time  of 
Bernoulli  and  D'Alembert  such  tides  have  been  considered. 
The  author  presents  the  results  of  a  discussion  of  long  series 
of  records  of  barometric  pressures  from  Batavia  and  Hong- 
kong. The  conclusions  are:  (a)  The  period  of  the  lunar  tide  as 
shown  in  barometer  readings  is  purely  semidiurnal;  {h)  the  ampli- 
tude of  the  variation  in  barometric  reading  is  independent  of  the 
hour  angle  between  sun  and  moon;  (c)  the  data  give  no  conclusive 
result  as  to  the  influence  of  the  moon's  distance;  {d)  there  is  a  dis- 
tinct seasonal  variation  afi'ecting  both  ani])litude  and  ])hase  of  the 
tide;  {e)  there  is  a  rapid  decrease  of  amplitude  with  departure  from 
the  equator. 

At  the  equator  the  senii-ami)litude  of  the  lunar  atmospheric 
tide  is  .084  millibars  or  .063  millimetres  of  mercury,  which  is  2.3 
times  as  great  as  that  predicted  in  T.ainb's  hydrodynamics. 

G.  F.  S. 


THE  FRANKLIN  INSTITUTE. 


{Proceedings  of  the  Stated  Meeting  held  IVcdncsday.  March  //,  1920.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  March  17,  1920. 

President  Dr.  Walton  Clark  in  the  Chair. 

Additions   to  membership  since  last  report,  7. 

Reports  of  progress  were  presented  by  the  Committee  on  Library  and 
the  Committee  on  Science  and  the  Arts. 

After  the  transaction  of  the  above  business  the  meeting  became  a  joint 
one  with  the  Philadelphia  Section  of  the  American  Institute  of  Electrical 
Engineers,  and  the  President  requested  Prof.  C.  E.  Clewell,  Chairman, 
to  preside. 

Mr.  G.  H.  Clamer,  of  Philadelphia,  presented  the  paper  of  the  evening 
on  "  The  Induction  Electrical  Furnace."  The  development  of  the  induction 
furnace  was  traced,  in  its  various  forms,  from  its  original  conception  by 
Colby  of  the  single-turn,  open-ring  type  furnace,  to  the  latest  developments  by 
Dr.  E.  F.  Xorthrup  in  the  use  of  high  frequency  induction  heating.  The 
various  fluid  motions  due  to  electro-dynamic  forces  were  described,  and  the 
use  which  is  made  of  such  forces  in  several  forms  of  induction  furnaces  was 
pointed  out.  Particular  attention  was  given  to  the  commercial  operation  of 
induction  furnaces,  using,  both  low  and  high  frequency  currents.  The  subject 
was  illustrated  by  numerous  lantern  slides.  After  a  brief  discussion  a  rising 
vote  of  thanks  was  extended  to  the  speaker. 
Adjourned. 

R.  B.  Owens, 
Secretary. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting  held   Wednesday, 
March  3,  1920.) 

Hall  of  the  Institute, 
Philadelphia,  March  3.,  1920. 

Mr.  Charles  Penrose  in  the  Chair. 

The  following  reports  were  presented  for  final  action : 

No.  2733.  CO2  and  Draft  Recorder.   The  Certificate  of  Merit  awarded 
to  Joseph  W.  Hays  and  Charles  W.Hays,  of  Baltimore,  Maryland. 
No.  2742:     Recording  Devices.     The  Edward  Longstreth   Medal  of 
Merit  awarded  to  Morris  E.  Leeds,  of  Philadelphia. 
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No.    2755 :     The    Franklin    Aledal    Awards.       The    Franklin    Medal 
awarded    to    Sir    Charles    Algernon    Parsons    and    Prof.    Svante 
August  Arrhenius. 
The  following  report  was  presented  for  first  reading: 
No.  2757-2758  :     Literature  Award. 

R.  B.  Owens, 

Secretary. 

SECTIONS. 

Mechanical  and  Engineering  Section. — A  meeting  of  tne  Section  was 
held  in  the  Hall  of  the  Institute  on  Thursday  evening,  February  26,  1920,  at 
8  o'clock.  In  the  absence  of  the  Chairman  of  the  Section,  Dr.  Walton 
Clark,  President  of  the  Institute,  called  the  meeting  to  order.  Major  Gen- 
eral C.  C.  Williams,  Chief  of  Ordnance,  U.  S.  Army,  War  Department, 
Washington,  D.  C,  presented  a  communication  entitled  "Artillery  of  the 
A.  E.  F."  A  description  was  given  of  the  various  types  of  artillery  equip- 
ment used  by  the  American  Expeditionary  Force  in  France,  with  a  brief 
discussion  of  their  uses  and  the  reasons  for  their  adoption.  The  subject  was 
illustrated  by  lantern  photographs  of  guns  and  equipment  used  by  the 
several  allied  forces. 

After  a  brief  discussion  the  thanks  of  the  meeting  were  extended  to 
the  speaker. 

Adjourned. 

Alfred  Rigling, 
Acting  Secretary. 

Sections  of  Physics  and  Chemistry. — A  meeting  of  the  Section  was  held 
in  the  Hall  of  the  Institute  on  Thursday  evening,  March  4,  1920,  at  8  o'clock. 
The  minutes  of  the  joint  meeting  of  February  5,  were  read  and  approved. 

Henry  S.  Washington,  Ph.D.,  Petrologist  in  the  Geophysical  Laboratory 
of  the  Carnegie  Institution,  Washington,  D.  C,  delivered  a  lecture  on  "  The 
Chemistry  of  the  Earth's  Crust."  Among  the  subjects  discussed  were  the 
homogeneity  or  heterogeneity  of  the  earth's  crust,  the  general  (luantitative 
occurrence  of  the  various  chemical  elements  in  the  crust,  the  average  chemical 
composition  of  the  igneous  rocks,  and  their  distribution  in  petrographic 
provinces.  Attention  was  also  paid  to  certain  mutual  relations  between  cer- 
tain elements  with  special  reference  to  the  occurrence  of  ores  and  minerals, 
and  the  metabolism  of  plants  and  animals. 

The  communication  was  discussed  by  I)rs.  Kemp,  Creighton,  Keller,  and 
Washington ;  Messrs.  Quimby  and  Penrose,  and  others.  On  motion  of  Dr. 
Creighton,  seconded  by  Mr.  Penrose,  a  vote  of  thanks  was  tendered  Dr. 
Washington.     The    meeting   then    adjourned. 

Jo.sErii   S.   MKi'nuRN, 

Secretary. 

Section  of  Physics  and  Chrinistry. — A  joint  meeting  of  the  Section  and 
the  Physics  Club  was  held  in  the  Hall  of  the  Institute  on  Thursday  evening, 
March    11,    1920,  at  8  o'clock.     Dr.   George   A.   Hoadley   on   behalf   of  The 
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Franklin  Institute,  and  Dr.  Thomas  D.  Cope  on  behalf  of  the  Physics  Club, 
presided  jointly.  The  minutes  of  the  previous  meeting  were  read 
and  approved. 

Dayton  C.  Miller,  Sc.D..  Professor  of  Physics  in  the  Case  School  of 
Applied  Science,  Cleveland,  Ohio,  delivered  a  lecture  on  "  Photographing 
Sound  Waves  from  Large  Guns  and  Projectiles."  An  account  was  given  of 
an  extended  series  of  experiments  conducted  at  several  Proving  Grounds, 
with  the  cooperation  of  the  Ordnance  Department  of  the  United  States 
Army,  concerning  the  pressure,  velocity  and  form  of  the  sound-waves  pro- 
duced by  the  discharge  of  guns  of  large  calibre,  from  10  to  14  inches.  The 
pressure  field  was  studied  by  means  of  a  new  type  of  baroscope.  The  varia- 
tion in  the  velocity  of  the  explosive  sound  from  the  muzzle  to  a  distance  of 
several  miles  was  determined  by  means  of  special  microphones  in  connection 
with  a  string  galvanometer  and  a  recording  device.  A  new  portable  phono- 
deik  was  used  to  photograph  both  the  sound  wave  proper  and  the  crack  pro- 
duced by  the  motion  of  the  projectile.  The  lecture  was  illustrated  by  experi- 
ments and  lantern  slides. 

The  paper  was  discussed  by  Doctors  Hoadley,  Stradling,  Miller  and  others. 
On  motion  of  Dr.  Walton  Clark  a  vote  of  thanks  was  tendered  Doctor 
Miller.    The  meeting  then  adjourned. 

Joseph    S.    Hepburn, 
Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS   TO   MEMBERSHIP. 

{Stated  Meeting,  Board  of  Managers,  March  10,  ig2o.) 

RESIDENT. 

Mr.  Francis  Shunk  Brow^\,  Lawyer,  1005  Morris  Building,  Philadelphia,  Pa. 
Prof.  C.  E.  Clewell,  Assistant  Professor  of  Electrical  Engnieering,  University 

of  Pennsylvania,  and  for  mail,  4919  Osage  Ave.,  Philadelphia,  Pa. 
Mr.  Jacob  Schorr.  Production  Manager,  Greenwald  Brothers,  gth  and  Spruce 

Sts.,  Philadelphia,  Pa. 
Mr.  Ira  Jewei.i.  Williams,  Lawyer,  1005  Morris  Building,  Philadelphia,  Pa. 
Prof.  Winthkop  Robins  Wright,  Teacher,  Department  of  Physics,  Swarth- 

more  College,  and  for  mail,  4  Whittier  Place,  Swarthmore,  Pa. 

associate. 
Mr.  Justo  Lopez  Navarro,  Electrical  Engineer,  Philippine  Engineering  Co., 

and  for  mail,  121  L.  Guerrero,  Ermita,  Manila,  P.  I. 
Mr.  David  H.  Wilson,  Student,  640  North  32nd  St.,  Philadelphia,  Pa. 

CHANGES   OF  ADDRESS. 
Col.  George  H.  Emerson,  Chief  of  Motive  Power  and  Equipment,  Baltimore 

and  Ohio  Railroad  Company,  Baltimore,  Md. 
Major  William  J.  Hammer,  Hotel   Earle,   103  Waverly  Place,  New  York 

City,  N.  Y. 
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Mr.  Frederic  V.  Hetzel,  P.  O.  Box  366,  West  Chester,  Pa. 

Mr.  R.  L.  O'Donnel,  Vice  President,  Pennsylvania  Railroad  Company,  903 

Pennsylvania  Station,  Pittsburgh,  Pa. 
Mr.  H.  R.  VanDeventer,  206  Church  Street,  Sumter,  S.  C. 


NECROLOGY. 


Reuben  Haines  was  born  in  Germantown,  Philadelphia,  in  185 1,  and  died 
on  February  18,  1920. 

He  was  educated  at  Haverford  College  and  the  University  of  Pennsyl- 
vania, receiving  from  Haverford  College  the  degrees  of  Bachelor  of  Arts 
in  1 87 1  and  Master  of  Arts  in  1878. 

Mr.  Haines  conducted  a  Chemical  Laboratory  for  many  years,  and  de- 
voted considerable  attention  to  water  analysis.  He  was  very  active  in  the 
Chemical  Section  of  the  Institute,  and  contributed  about  a  dozen  articles  to 
the  Journal,  chiefly  on  water  and  water  analysis.  He  also  devoted  consid- 
erable time  to  the  subject  of  photography  and  collected  a  large  number  of 
negatives  of  places  of  historic  interest  near  his  home.  He  was  a  member 
of  the  American  Chemical  Society,  the  Society  of  Chemical  Industry  and 
a  number  of  organizations  devoted  to  the  study  of  history  and  the 
natural  sciences. 

He  became  a  meml)er  of  the  Institute  in  October,  1874. 

Mr.  Charles  Abel,  300  Fifth  Avenue,  Haddon  Heights,  N.  J. 
Mr.  C.  M.  Bunting,  Comptroller,  Pennsylvania  R.  R.  Co.,  Broad  Street 
Station,  I'hiladelijhia,  Pa. 


LIBRARY  NOTES. 

PURCHASES. 
.\mcrican  .Vnnual  of  Photography,  vol.  xx.xiv.  1920. 
American  Society  for  Testing  Materials.— Proceedings,  vol.  19.     1919- 
Hkveridgk,  James. — The  Papermakers'  Pocket  Book.     191 1. 
Conversations  on  Chemistry. — 2  vols.     1822. 
Dooi.EY,  W.  H. — Applied  Science  for  Metal  Workers.     1919. 
Haskeu.,  a.  C. — How  to  Make  and  Use  Graphic  Charts.     1919. 
ilinRARD,  H.  D.— Manufacture  and  Use  of  Alloy  Steels.     1919. 
UmiiARD,  Prevost. — Highway  Inspectors'  Handbook.     1919. 
Industrial    Arts    Index. — 7th    Annual    Volume.     1918-1919. 
Markham,  K.  k. — Tool-Making.     1919. 

Morrison,  L.  H. — Oil    luigines,  Details  and  Operations.     1919. 
Ml  i.r.KR.  N.  L. — Fabrikation  und  Eigenschaften  der  Metalldrahtlampen.   1914. 
Nalioiial  Association  of  Cement  Users. — Proceedings.   Vol.  xv.    1910. 
I'atterson's  American  Educational  Directory.— Vol.  xvi.     1919. 
Photograms  of  the  Year. — Ainuial  Review.     IQIQ. 
Keaders'  Guide  to  J'eriodical  Eiteraturc. —  19th  Annual.     1919. 
KincwAV,  RoitiRT.— Color   Standards  and  Color  Nomenclature.     191J. 
Smith,  J.   K.— The  World's  Food  Resources.     1919- 
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Tinkler,  C.  K.,  and  Challenger,  F. — Chemistry  of  Petroleum  and  its  Sub- 
stitutes. 1919. 

GIFTS. 
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the   Company.) 
Boston    Pressed   Metal    Company,    Catalogue,    The    Possibilities    of    Pressed 
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Cutter,  George,   Co.,   Cutter  Handy   Wiring   Tables   and  Illumination  Data. 

South  Bend,  Ind.,  1919.     (From  the  Company.) 


528  Library  Notes.  [J.F.I. 
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Foster    Machine    Company,     Catalogue    describing    line    of    standard    turret 

lathe    and    screw    machine    tools.      Elkhart,    Indiana,    no    date.      (From 
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Leeds  and  Northrup  Company,  Catalogue  No.  86-B.    Philadelphia,  Pa.,   iqiq. 

(From  the  Company.) 
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Philadelphia  Free  Library,  Twenty-Third  Annual  Report,  1918.  Philadelphia, 
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P.  W.  V.  Automatic  Machine  Corporation,  Catalogue  on  Radical  Construc- 
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Pyrolectric  Instrument  Company,  Bulletin  No.  7.  Trenton,  N.  J.,  1919. 
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Railway  and  Industrial  Engineering  Company,  Bulletins  Nos.  25  and  26, 
Pittsburgh,  Pa.,  no  date.     (From  the  Company.) 

Reed  Small  Tool  Works,  Catalogue  No.  4.  Worcester,  Mass.,  1919.  (From 
the  Company.) 

Reflectolyte  Company,  Catalogue  No.  5.  St.  Louis,  Mo.,  1920.  (From 
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Richardson-Phenix  Company,  Catalogue  of  the  No-Kut  Pump  Valve.  Mil- 
waukee,  Wis.,   no   date.      (From   the   Company.) 
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Salt  Lake  Hardware  Company,  Catalogue,  Machinery.    Salt  Lake  City,  Utah, 

1919.  (From  the  Company.) 

Sherwood  Manufacturing  Company,  Catalogue  No.  18.     Buffalo,  N.  Y.,  1919. 

(From  the  Company.) 
Skandia    Pacific   Oil   Engine   Company,    Catalogue   of    Skandia    Oil   Engines. 

San  Francisco,  Cal.,  no  date.     (From  the  Company.) 
Smith    College,    Catalogue.    1919-1920.      Northampton,    Mass.,    1919.  (From 

the  College.) 
Smithsonian    Institution,    Annual    Report,    1917.    Washington,    D.    C,    1919. 
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Standard  Paint  Company,  Booklet,  Preservative  Coatings.    New  York,  1918. 

(From  the  Company.) 
Star  Brass  Works,  Bulletin  No.  6.    Chicago,  111.,  no  date.    (From  the  Works.) 
Sterling  Engine   Company,   Catalogue   of   Sterling   Engines.      Buffalo,   N.   Y. 
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Theorie  et  Usage  de  la  Regie  A    Calculs  par  P.  Roze.    Paris,  France,  1907. 
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Titan   Truck   Company,   Catalogue   of    Heavy    Haulage    Trucks.    Milwaukee, 

Wis.,  no  date.     (From  the  Company.) 
Toledo  Bridge  and  Crane  Company,  Bulletin  No.  21.     Toledo,  Ohio,  no  date. 

(From  the  Company.) 
Triumph  Ice  Machine  Company,  Bulletin  No.  515.     Cincinnati,  Ohio,  no  date. 

(From  the  Company.) 
Trumbull-Vanderpoel    Electric    Manufacturing    Company,    Catalogue    No.    2. 

Bantam,  Conn.,  1919.     (From  the  Company.) 
Under-Feed  Stoker  Company  of  America,  Catalogues  of  the  Jones  Standard 

Under-Feed    Stoker    and    The    Jones    Automatic    Cleaning    Under-Feed 

Stoker.     Detroit,  Michigan,   1919.      (From  the   Company.) 
University  of  Pittsburgh,  General  Catalogue  1918-1919.     Pittsburgh,  Pa.,  1919. 

(From  the  University.) 
Vassar    College,    Fifty-Fifth    .Annual    Catalogue.    1919-1920.      Poughkeepsie, 

N.  Y.,  1920.     (From  the  College.) 
Wagner  Electric  Manufacturing  Company,  Bulletin  No.  120.     St.  Louis.  Mo., 

1919.      (From  the  Company.) 
Western   Wheeled    Scraper   Company,   Catalogues   Nos.   44  and   45.     .\urora, 

111.,  no  date.     (From  the  Company.) 
Wheeler  Condenser  and  Engineering  Company,  Bulletin  No.  112-B.    Carteret, 

N.  J.,  1919.     (From  the  Company.) 
White,   J.   G.,   Company,   Catalogue,   Engineering   on    Foreign   Fields.     New 

York,  1916.     (From  the  Company.) 
Whiting  Foundry  and   ]u|uipment   Company,    Catalogues    Nos.    149  and    150. 

Harvey,  111.,   1919.      (From  the  Company.) 
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Wing,   L.  J..   Manufacturing   Company,   Bulletin   No.   58.     New   York   City, 

N.  Y.,  191 9.     (.From  the  Company.) 
Wireless    Specialty    Apparatus    Company,    Catalogue    of    Radio    Equipment. 

Boston,  Mass.,    1919.      (From  the  Company.) 
World  Almanac  and  Encyclopedia,  1919,  New  York  City,  N.  Y.    (From  Dr. 
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BOOK  NOTICES. 

Accounts  Rendered  of  Work  Done  and  Things  Seen.  By  J.  Y.  Buchanan, 
M.A.,  F.R.S.  8vo,  435  pages,  illustrated.  Cambridge,  at  the  University 
Press,  1919,  New  York,  G.  P.  Putnam's  Sons,  price  $6.75. 
With  a  table  of  contents  containing  elaborate  summaries  of  the 
several  articles,  and  no  index,  this  book  is  distinctly  unconventional.  It 
is,  as  the  title  indicates,  a  reprinting  of  essays  and  observations  made  by 
the  author  during  many  years  of  an  active  and  useful  life.  His  main 
interest  is  in  oceanography.  He  is  Commandeur  de  I'Order  de  St.  Charles 
de  Monaco.  Most  of  the  papers  are  supplemented  by  notes  or  appen- 
dices bringing  the  discussion  up  to  date.  All  the  articles  make  interesting 
reading.  The  versatility  of  the  author  will  be  clearly  indicated  by  a 
summary  of  the  several  titles :  Geography ;  its  physical  and  economical 
relations  (1889).  A  retrospect  of  oceanography  in  the  twenty  years  before 
1895  (1895).  On  similarities  in  the  physical  geography  of  the  great  oceans 
(1886).  Relations  of  the  temperature  of  the  sea  to  that  of  the  air  above 
(1885).  Color  of  the  sea  (1910).  On  the  occurrence  of  sulphur  in  marine 
mud  and  nodules  (1890).  Note  on  manganese  nodules  found  on  the  bed  of  the 
ocean  (1877).  Manganese  nodules  in  Loch  Fyne  (1877).  On  the  composition 
of  oceanic  and  littoral  nodules  (1891).  On  a  method  of  determining  the  specific 
gravity  of  soluble  salts,  etc.  (1906).  The  Mediterranean  Sea  (reprint  from 
9th  ed.,  Encyc.  Brit.).  On  the  composition  of  some  deep  sea  deposits  from  the 
Mediterranean  (1891).  On  the  oxidation  of  ferrous  salts  (1881).  The  sunsets 
of  autumn,  1883  (1883).  Sur  le  densite  et  I'alcalinite  des  eaux  de  I'Atlantique 
et  de  la  Mediterranee  (1893),  Monaco  a  whaling  station  (1896).  The  cruise 
of  the  Princess  Alice  (1902).  The  sperm  whale  and  its  food  (1896).  The 
oceanographic  museum  at  Monaco  (1910).  Lakes  (1882).  On  the  distribu- 
tion of  temperature  in  Loch  Lomond  during  the  autumn  of  1885  (1885).  The 
winding  of  rivers  (1907).  Volcanoes  and  earthquakes  (1872).  On  a  remark- 
able effect  produced  by  the  momentary  relief  of  great  pressure  (1903).  Pre-' 
liminary  note  of  the  compressibility  of  glass  (1880).  On  the  compressibility  of 
solids  (1904).  On  an  apparatus  for  gas  analysis  (1874).  Airtight  subdivisions 
for  ships  (1889).  The  Northallerton  accident  (1894).  The  wreck  of  Santos 
Dumont  No.  6  (1902).  The  daintiness  of  the  rat  (1911).  This  paper  gives 
an  account  of  the  peculiar  selections  of  tissues  of  lemons  and  mandarin  oranges 
by  "  forest  rats "  in  a  garden  at  Bordighera.  The  last  paper  is :  On  fish 
and  drought  (1911). 

The  book  will  furnish  entertainment  for  many  an  hour  to  those  interested 
in  general  science.    It  is  well  printed  and  numerously  illustrated. 

Henry  Leffmann. 
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Tidal  Lands — A  Study  of  Shore  Problems.  By  Alfred  C.  Carey  and 
Francis  Wall  Oliver.  248  pages,  illustrations,  8vo.  New  York,  D.  Van 
Nostrand   Company,   1919.     Price,  $5.00. 

The  Franklin  Institute  has  recently  acquired  a  copy  of  the  above  work, 
and  in  view  of  the  destructive  agencies  which  have  been  preying  upon  our 
coasts  this  work  is  a  timely  compendium,  by  experts,  of  the  various  eflforts 
which  have  been  made  in  foreign  countries  to  protect  riparian  lands  from 
those  ceaseless  physical  forces.  It  is  impossible  to  do  justice  to  it  in  this 
brief  notice,  but  the  subject  is  treated  in  all  its  phases  not  only  as  a  public 
utility,  but  from  an  engineering,  botanical  and  physical  aspect.  Citations  of 
failures  and  their*  causes  are  recorded  as  pointing  the  road  to  success — 
groynes,  bulkheads,  aprons,  planting,  drainage,  etc.,  are  carefully  considered 
in  relation  to  the  local  forces  and  requirements,  with  statements  of  costs. 

In  the  United  Kingdom  the  loss  of  foreshores  amounted  to  182,000  acres 
in  23  years — (5510  acres  per  annum  or  nearly  9  sq.  miles).  The  same  diffi- 
culties are  recorded  there  as  here  in  efforts  to  open  channels  through  harbor 
bars,   for   it  is  said : 

"As  the  sand  travel  has  perplexed  harbour  authorities  their  traditional 
policy  has  been  to  push  the  entrance  piers  into  deeper  water  as  a  means 
of  eluding  sand  travel.  Inevitably,  as  the  piers  are  extended  seawards,  so 
the  sand  has  crept  out  after  (or  before)  them.  The  sum  of  the  palliative  meas- 
ures may  be  stated  thus:  (i)  To  conserve  and  concentrate  the  tidal  scour 
of  the  ebb  tide;  (2).  To  train  the  sea  outfall;  (3).  To  dredge." 

This  policy  has  been  followed  for  many  years  in  the  United  States,  and 
yet  the  necessity  for  constant  dredging  continues  and  the  bars  rapidly  ad- 
vance so  that  jetties  of  from  six  to  eight  miles,  long,  have  failed  to  secure 
the  necessary  relief,  but  in  one  case  at  least  of  a  tidal  inlet,  a  portion  of  one 
breakwater  was  constructed  across  the  bar,  detached  from  shore,  to  admit 
the  flood  tide  freely,  which  is  a  sine  qua  non,  and  it  followed  there  was  no 
bar  advance  and  no  dredging  ivas  necessary  to  secure  and  maintain  the  auto- 
matic channel  thus  created. 

Much  valuable  data  is  recorded  as  to  the  plants  most  effective  in  re- 
straining the  travelling  dunes  driven  by  Aeolus  and  suggestive  information 
as  to  State  and  Local  jurisdiction  which  so  frequently  retards  the  urgent  de- 
velopment of  remedial  measures.  "Amongst  these  problems  none  takes 
precedence  to  that  of  national  waterways  and  harbours."  They  are  "  the 
index  of  commercial  progress."  These  and  many  other  vital  questions  in 
physical  and  political  economy  are  forcefully  stated,  and  render  this  work 
of  peculiar  interest,  in  the  welfare  of  national  economy. 

L.  M.   Hai'I't. 

Traitk  dk  Mkcanique  Rationelle.  By  Paul  Appel.  4th  edition,  entirely 
recast.  Vol.  i.  8vo.  viii-602  pages  and  contents.  Paris,  Gauthier-Villars 
et  Cie.,  1919.     36  francs. 

Besides  improvements  in  many  details  and  the  addition  of  new  biblio- 
graphic information,  there  has  been  added  in  the  first  chapter  a  dissertation 
on  the  theory  of  vectors.  Three  types  of  vectors  arc  to  be  noted  in  practical 
application ;  unlocalised,  gliding  and  localised.  .\  distinction  is  also  made 
between  axial  and  i)olar  vectors. 
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As  an  exercise  on  the  movement  of  a  point,  there  is  presented  a  study 
of  the  simplest  cases  of  movement  of  an  electrifid  particle,  subjected  to  the 
action  of  superposed  electric  and  magnetic  fields,  This  study  leads  up  to 
some  interesting  mathematical  researches  by  Poincare  and  Stormez,  de- 
termined by  the  experiments  of  Birkeland  and  Villard  and  views  expressed 
on  the  origin  of  polar  auroras  put  forth  by  Birkeland  and  Arrhenius. 

L. 

National  Advisory  Committee  for  Aeronautics,  Report  No.  28.  An  Intro- 
duction to  the  Study  of  the  Laws  of  Air  Resistance  of  Aerofoils.  Pre- 
print from  the  Fourth  Annual  Report.  75  pages,  illustrations,  quarto. 
Washington,  Government  Printing  Office,  1920.  Copies  may  be  obtained 
free  from  the  Committee. 

This  report  has  been  written  for  the  purpose  of  giving  a  general  survey  of 
the  present  state  of  knowledge  about  the  laws  of  air  resistance  of  aerofoils. 
A  summary  of  the  history  of  the  subject  and  of  the  basis  of  the  present- 
day  treatment  of  the  phenomena  of  fluid  resistance  is  followed  by  a  critical 
discussion  of  the  fundamental  concepts  used  to  describe  the  fluid  resistance 
properties  of  aerofoils.  Thus  are  successively  examined  the  concepts  of 
angle  of  attack,  centre  of  pressure,  aerofoil  area,  metacenter,  metacentric 
curve,  zero  lift  line  and  resultant  air  resistance.  First  is  examined  the  ques- 
tion of  the  apparent  flow  deflection  produced  by  an  aerofoil,  preceded  by  a 
preliminary  on  the  general  property  of  vortices ;  the  tip  vortices  are  investi- 
gated :  a  general  account  on  the  intensity  and  direction  of  these  vortices  is 
given.  Finally  the  edge  vortices  are  studied  and  a  general  account  of  their 
properties  is  given,  including  the  main  qualitative  relations  that  hold  for  these 
vortices.  The  possibility  of  formation  behind  an  aerofoil  of  two  waves, 
called  the  primary  and  secondary  waves,  is  examined  and  numerical  values 
of  the  order  of  their  magnitude  are  given. 

In  a  set  of  notes  added  to  the  report  the  following  questions  are  examined : 
The  Kutta  theorem,  the  generalization  of  the  Bernouilli  theorem ,  the  equa- 
tions of  the  metacentric  curves,  as  well  as  a  translation  of  the  paper  of  Th. 
v.  Karman  and  H.  Rubach  on  the  Mechanism  of  Fluid  Resistance. 

Report  No.  35.  The  strength  of  One-piece,  Solid,  Built-up,  and  Lam- 
inated Wood  Airplane  Wing  Beams.  Preprint  from  the  Fourth  Annual 
Report.  12  pages,  illustrations,  diagrams,  quarto.  Washington,  Government 
Printing  Office,  1919. 

The  purpose  of  this  report  was  first,  to  determine  by  test  the  suitability 
of  fir  and  cypress  woods  for  airplane  use,  compared  with  Sitka  spruce ; 
second,  to  determine  whether  a  plane  rectangular  I-section  beam  possessed 
any  advantage  over  the  oblique  I-section  beam,  which  is  used  at  present, 
other  than  the  advantage  of  simplicity  in  shop  operation.  The  increased 
demand  for  Sitka  spruce  has  made  it  necessary  to  look  elsewhere  for  satis- 
factory woods  that  will  meet  airplane  requirements.  This  report  not  only 
deals  with  experiments  leading  to  the  use  of  a  perfectly  satisfactory  substi- 
tute for  spruce,  but  also  with  the  development  of  some  method  of  construc- 
tion which  will  conserve  the  present  supply  by  utilizing  more  of  the  selected 
material.  The  tests  included  not  only  solid  beams  to  determine  their  suit- 
ability as  substitutes  for  spruce,  but  also  beams  built  up  of  three  pieces,  or 
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of  laminated  construction,  and  tested  to  determine  their  strength  in  com- 
parison with  one-piece  construction. 

The  built-up  and  laminated  constructions  eliminate  the  waste  involved  in 
the  process  of  cutting  the  I-section  from  solid  timber.  In  such  construction  it 
is  also  possible  to  use  woods  in  short  lengths,  and  though  the  cost  of  manu- 
facturing built-up  beams  is  somewhat  greater  than  that  of  producing  the 
solid  beams,  the  cost  of  the  raw  material  utilized  is  much  less  than  the  cost 
of  the  carefully  selected  timber  used  for  solid  beams. 

Report  No.  47.  Power  Characteristics  of  Fuels  for  Aircraft  Engines. 
Preprint  from  the  Fourth  Annual  Report.  35  pages,  diagrams,  quarto.  Wash- 
ington, Government  Printing  Office,  1920. 

Early  in  the  war  the  importance  of  securing  the  best  possible  fuel  for 
aircraft  engines  led  to  the  testing  of  twelve  different  gasolines  in  an  avia- 
tion engine  in  the  altitude  chamber  of  the  Bureau  of  Standards  dynomometer 
laboratory.  During  the  tests  the  engine  was  operated  under  conditions  simu- 
lating those  encountered  in  flight  at  altitudes  up  to  30,000  feet. 

The  results  of  this  work,  given  in  this  Report,  indicate  no  differences  in 
excess  of  5  per  cent,  in  the  maximum  power  developed  by  each  gasoline 
when  the  carburetion  was  adjusted  to  each  fuel.  The  question  of  economy 
is  not  considered  in  the  report.  Several  physical  properties  of  the  fuels, 
including  the  distillation  temperatureis,  were  compared  in  an  effort  to 
identify  those  controlling  the  power  producing  ability,  but  no  correlation 
was  disclosed.  R. 
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Accounts  Rendered  of  IVork  Done  and  Things  Seen,  by  J.  Y.  Buchanan, 
M.A.,  F.R.S.  435  pages,  illustrations,  plates,  tables,  maps,  8vo.  Cambridge, 
University  Press;  New  York,  G.  P.  Putnam's  Sons,  1919.    Price,  $6.75. 

Selling  Your  Services,  by  George  Conover  Pearson.  237  pages,  i2mo. 
New  York,  Jordan-Goodwin  Corporation.    1920. 

Rcitsel  der  Natur  iind  Totengrdbcr  dcr  Wahrhcit.  von  Johannes  Zacharias. 
120  pages,  illustrations,  plates,  portrait,  8vo.  Miinchen,  Johann  Goebel,  1920. 
Price,  6  marks  16  pfennig. 

Ontario  Bureau  of  Mines:  Twenty-eight  annual  report,  1919,  Part  I,  254 
pages,  illustrations,  plates,  maps,  8vo.     Toronto,  King's  Printer,  1919. 

U.  S.  Tariff  Commission:  Tariff  Information  Series  No.  13.  The  Acids 
of  Paragraph  i  and  Related  Materials  Provided  for  in  the  Tariff  Act  of 
1913-    85  pages,  8vo.    Washington,  Government  Printing  Office,  1920. 

Canada  Department  of  Mines,  Mines  Branch:  Bulletin  No.  27.  Results 
of  Forty-one  Steaming  Tests  Conducted  at  the  Fuel  Testing  Station,  Ottawa, 
by  John  Blizard,  B.Sc,  and  E.  S.  Malloch.  B.Sc.  83  pages,  diagrams,  Svo. 
Production  of  Iron  and  Steel  in  Canada  During  the  Calendar  Year  1918.  36 
pages,  8vo.     Ottawa,  King's  Printer,  1920. 

JJ.'S.  Bureau  of  Mines:  Technical  Paper  23-'.  i'etroleuni  Technology  53. 
Absorption  as  Applied  to  Recovery  of  Gasoline  Left  in  Residual  (las  from 
Compression  Plants,  by  W.  P.  Dykema  and  Roy  O.  Neal.  43  pages,  illustra- 
tions, plates,  diagrams,  8vo.  Technical  Paper  240.  Boiler  and  Furnace  Test- 
ing, prepared  by  Rufus  T.  Strohm.  23  pages,  illustrations,  Svo.  Washin.i^ton, 
Government  Printing  OfTice,  1920. 
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Forest  Products  Laboratory,  U.  S.  Department  of  Agri- 
culture, Technical  Notes. — This  hiboratory,  at  Madison,  Wis., 
is  engaged  in  the  study  of  the  properties  and  economic  uses  of 
woods.  It  has  been  giving  especial  attention  lately  to  the  appli- 
cation of  wood  in  the  construction  of  airplanes  and  as  a  source 
of  paper. 

Resistaitcc  of  Airplane  Parts  to  Decay. — This  has  now  become 
of  much  practical  importance.  During  the  war,  when  the  operation 
of  a  plane  was  liable  to  many  interferences,  the  durability  of  the 
wood  was  of  minor  moment,  but  instances  are  now  coming  to 
notice  in  which  replacements  are  needed  in  otherwise  good  con- 
ditioned planes,  ownng  to  decay.  It  appears  that  many  woods 
are  unsuitable  for  such  use  on  accoimt  of  lack  of  durability,  but 
fortunately  other  woods  of  good  quality  are  available.  The  best 
of  these  so  far  known  is  Port  Orford  cedar,  after  which  come 
southern  cypress  and  California  redwood.  Douglass  fir,  white 
oak  and  black  walnut  are  fairly  satisfactory.  It  is  claimed  that 
mahogany  and  Spanish  cedar  are  also  durable,  but  these  have 
not  yet  been  tested.  Spruce  which  has  been  used  so  much  in  the 
United  States  is  inferior  in  durability,  and  basswood,  beech, 
birch  and  maple  must  also  be  classed  with  the  inferior  kinds.  In 
all  cases  heartwood  should  be  used.  Preservative  treatments 
may  enable  a  somewhat  less  durable  wood  to  be  used  if  the  better 
kinds  are  not  available.  Soditim  fluoride  may  be  used  on  parts 
that  are  to  be  glued,  and  so-called  coal-tar  creosote  for  parts 
not  to  be  glued.  Decay  in  struts,  propellers  and  some  other  large 
members  can  be  prevented  by  applying  aluminum  leaf. 

Pulp  Yield  Reduced  by  Long  Storage. — Comparative  tests 
showed  that  while  green  wood  yielded  three  and  one-half  tons 
per  digester,  the  same  wood  after  a  year's  storage  yielded  only 
three  tons,  and  after  two  to  three  years  the  yield  was  only  two 
and  one-half  tons.  These  losses  are  not  compensated  by  any 
reduction  in  operative  expenses,  which  indicates  that  the  wood- 
yard  should  be  operated  so  that  the  material  is  used  as  nearly  in 
rotation  as  possible. 

Length  of  JVood  Fibres. — The  common  opinion  that  each 
species  of  wood  has  a  characteristic  fibre-length  is  not  borne  out 
by  the  extended  tests  carried  out  by  the  Forest  Products  Labora- 
tory. These  measurements  show  that  a  greater  difiference  may 
be  found  in  the  fibres  from  a  given  tree  than  between  the  average 
length  in  different  species.  No  clearly  defined  relation  has  been 
found  between  the  length  of  the  fibre  and  the  strength  of  the 
wood.    The  longer  fibres  are  often  found  in  the  w^eakest  material. 

Resistance  of  Greenhcart  Timber  to  Marine  Borers. — Six  years 
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ago  the  laboratory  placed  specimens  of  this  kind  of  timber  in  the 
Gulf  of  Mexico  at  points  at  which  the  water  was  much  infested 
with  several  types  of  marine  borers.  A  recent  examination 
showed  that  with  the  exception  of  a  slight  trace  of  limnoria  on 
the  sapwood  of  one  specimen,  they  were  uninjured  by  either 
limnoria  or  xylotrya.  All,  however,  had  been  severely  attacked 
by  pholas,  which  had  made  burrow^s  from  three-quarters  to  one 
and  a  half  inches  deep.  It  is  not  expected  that  the  burrows  will 
be  materially  deeper,  as  pholas  does  not  make  deep  burrows,  but 
the  experiments  show  that  if  greenheart  wood  is  used  in  such 
waters,  the  piles  should  be  made  large  enough  to  allow  for  reduc- 
tion in  size  by  such  attacks. 

H.  L. 

Liquid  Purification  of  Gases.  (The  Gas  Age  for  February  25, 
1920,  vol.  xlv,  p.  161.)— Lester  M.  Goldsmith  describes  an  appa- 
ratus for  removing  sulphur  from  gases  by  using  lime  or  ferric  oxide 
in  suspension  in  water,  instead  of  the  dry  purifier,  which  has  been 
so  long  a  feature  of  the  gas-producing  plant.  The  latter  has  sev- 
eral objectionable  features,  among  which  are  large  area  occupied, 
spare  purifiers  required  for  alternation,  labor  for  renewing  the 
beds  and  fire  hazard.  The  water  scrubber  and  cooler  has  never 
been  developed  seriously  as  a  purifier,  being  only  used  as  a  sec- 
ondary item.  The  Atlantic  Refining  Company  after  studying 
thoroughly  all  existing  types  of  purifiers,  decided  that  the  dry 
purifier  is  unsuited  for  the  treatment  of  large  volumes  of  gas  con- 
taining from  500  to  15,000  grains  of  sulphur  per  100  cubic  feet. 
It  was  decided  to  build  an  experimental  plant  of  such  form  that 
it  would  be  automatic,  or  nearly  so,  in  operation,  and  involve  a 
minimum  outlay  for  space  and  labor.  A  suggested  form  of  such 
a  purifier  was  presented  by  H.  Hodgson,  of  the  United  Gas  Im- 
provement Company.  It  consisted  of  two  contact  towers,  one  of 
wood  and  the  other  of  steel,  both  with  wood  grids,  the  arrange- 
ment being  such  that  the  gas  was  passed  in  counter  current  to 
the  liquid  containing  the  purifying  oxide  in  suspension,  the  liquid 
being  subsequently  pumi)ed  to  a  wooden  tower  in  which  it  en- 
countered a  current  of  air  to  bring  about  revivification.  Experi- 
ment showed  that  checker  brick  was  suj^erior  to  wooden  grids  for 
surface  of  contact,  and  therefore  Ixjth  towers  were  subseciuently 
constructed  of  steel,  filled  with  sjiiral  brick  checkered  in 
symmetrical  layers. 

Numerous  experiments  were  conducted  and  it  was  found  that 
a  suspension  containing  3  per  cent,  of  the  iron  oxide  was  most 
satisfactory.  Trials  with  lime  showed  that  this  is  more  costly 
than  iron  oxide  and  the  efficiency  less.  The  paper  is  liberally 
illustrated  by  drawings  of  the  installation  and  diagrams  of  its 
performance.  Analysis  of  a  sample  of  the  iron  oxide  as  delivered 
showed  the  presence  of  over  5  per  cent,  of  combined  sulphur  and 
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about  3  per  cent,  of  free  sulphur.    A  sample  of  the  exhausted  oxide 
showed  as  follows  in  per  cent,  of  total  residue : 

Primal  y  Secondary 

tower  tower 

Free   sulphur    88.9  39.3 

Combined    sulphur    0.52  1.74 

Ferric  oxide   6.79  30.76 

The  general  conclusions  from  the  experiments  are : 

1.  In  given  apparatus  under  the  same  conditions  there  will 
remain  a  constant  percentage  of  sulphur  in  the  purified  gas, 
whether  the  crude  gas  contamed  10,000  grains  per  cubic  foot  or 
1000  grains  per  cubic  foot,  and  it  is  believed  that  this  same  relation 
will  hold  good  with  gases  of  lower  sulphur  content. 

2.  In  any  liquid  purification  plant  built  with  two  similar 
towers,  passing  the  gas  through  in  series,-  it  can  be  expected  that 
the  first  tower  will  remove  93  per  cent,  of  the  sulphur  when  the 
total  purification  is  95  per  cent. ;  showing  that  the  greater  difficulty- 
is  encountered  in  removing  the  last  traces  of  sulphur. 

3.  If  the  purifying  liquid  is  maintained  at  a  temperature  between 
90°  and  100°  F..  the  candle-power  loss  wall  be  held  down  to  a 
negligible  quantity. 

H.  L.  ■ 

Paint  Manufacturers'  Association  of  the  United  States  has  re- 
cently issued  the  following  circulars  through  its  Educational  Bureau : 

81.  Ttina  Fish  Oil. — The  gravity,  iodine  number,  and  saponifi- 
cation value  of  this  oil  w^ere  similar  to  the  constants  shown  by 
linseed  oil.  The  high  iodine  value  (184)  is  of  great  interest,  as 
it  is  really  higher  than  that  of  most  samples  of  linseed  oil.  Com- 
parative drying  tests  proved  that  tuna  oil  dries  even  more  rapidly 
than  most  grades  of  raw  linseed  oil.  The  excellent  results  ob- 
tained with  this  product  indicate  that  the  paint  industry  can 
utilize  all  that  can  be  produced. 

82.  Metre  Equivalents. — In  this  circular  the  value  of  the  metric 
system  is  pointed  out  for  use  in  export  trade.  Comparative  in- 
formation is  given  regarding  the  contents  of  the  United  States 
liquid  gallon,  the  British  imperial  gallon,  and  the  metric  meas- 
ures of  like  capacity.  All  the  equivalents  in  metric  and  United 
States  units  of  measure  are  given,  including  length,  mass 
and  capacity. 

83.  Hexabromide  Tests  for  Determining  the  Purity  of  Soya 
Bean  Oil  and  Linseed  Oil. — Two  methods  are  given  for  deter- 
mining the  hexabromide  value  of  linseed  oil.  Since  linseed  oil 
has  a  hexabromide  value  of  approximately  44,  whereas  soya 
bean  oil  has  a  value  of  only  5,  it  is  possible  by  this  novel  method 
to  detect  soya  bean  oil  in  linseed  oil,  heretofore  impossible  by 
any  other  analytical  method. 
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84.  Standards  for  Tung  Oil. — The  method  recommended  is  a 
modified  form  of  the  Browne  method,  and  an  illustration  appears 
of  the  apparatus  that  is  used.  It  is  probable  that  this  method 
gives  more  concordant  results  than  any  other  existing  method. 
The  circular  also  discusses  the  Agnew  open-pan  heat  test  method 
for  determining  the  purity  of  tung  oil. 

85.  Oil  Absorption  of  Pigments. — This  circular  is  probably  one 
of  the  most  important  issued  by  the  Educational  Bureau  during 
the  year.  It  presents  a  method  of  determining  the  oil  absorption 
value  of  different  pigments  and  points  out  the  difiference  between 
absorption  and  adsorption.  It  presents  data  showing  the  oil 
absorption  value  of  several  difTerent  pigments  in  different  types 
of  liquids.  A  full  description  of  the  apparatus  required,  method 
of  procedure,  etc.,  for  running  the  tests,  is  given. 

86.  Yellow  Tail  Fish  Oil. — The  results  of  an  examination  of 
yellow  tail  fish  oil  obtained  on  the  west  coast  through  the 
Bureau  of  Fisheries  are  presented.  The  constants  are  similar  to 
those  given  by  linseed  oil.  In  the  comparative  drying  tests  de- 
scribed yellow  tail  fish  oil  gave  results  almost  as  satisfactory  as 
linseed  oil. 

87.  A  New  Method  of  Determining  the  Acid  Value  of  Varnished 
and  Boiled  Oils. — A  method  is  presented  for  determining  the  real 
acid  value  of  varnishes,  boiled  and  bodied  oils.  The  old  method 
of  using  alcohol  gives  erroneous  results  where  the  liquids  to  be 
examined  are  colloidal.  It  is  further  shown  that  through  the  use 
of  a  mixture  of  alcohol  and  benzene  the  colloidal  condition  is 
broken  down  and  true  solution  of  the  acids  brought  about,  so 
that  accurate  results  may  be  obtained. 

H.  L. 

Forest  Products  Laboratory  Technical  Notes,  Madison,  Wis. 

Tearing  Strength  of  Paper. — There  is  no  relation  between  the 
actual  toughness  of  paper  and  the  values  obtained  by  the  com- 
monly used  testing  machines.  Employing  a  Schopper  tensile 
machine  it  was  found  that  the  toughness  can  be  numerically 
rated,  but  that  the  breaking  length,  percentage  stretch  and  num- 
ber of  folds  give  very  little  information  about  this  property. 
Figures  are  given  for  results  on  different  types  of  commercial 
paper,  showing  the  correctness  of  the  general  statement  above 
made.     (Circular  97.) 

Fuel  Value  of  Wood. — Two  pounds  of  dry  wood  of  any  non- 
resinous  species  have  about  the  same  heating  value  as  a  pound 
of  good  coal.  A  ton  of  coal  may  be  taken  as  equivalent  to  one 
cord  of  heavy  wood,  one  and  a  half  cords  of  medium  weight,  or 
two  cords  of  light  wood.  Resin  gives  twice  as  much  heat  as 
wood,  weight  for  weight,  hence  pines  firs  have  a  much  higher 
heating  power  than  the  non-resinous  forms.  The  resin  content 
is  considered  to  be  about  15  per  cent.     The  fuel  value  of  wood. 
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however,  depends  upon  several  other  properties  than  the  calories, 
such  as  easy  ignition,  rapid  burning,  and  smokeless  and  uniform 
heat.  As  a  rule,  soft  wood  burns  more  readily  than  hard  and 
light  more  readily  than  heavy.  Pines  give  quick,  hot  fires,  but 
oak  gives  a  steady  heat.    (Circular  98.)  H.  L. 

An  Absorbent  for  Carbon  Monoxide.  {Jour.  Ind.  and  Bug. 
Chcm.,  19JO,  V.  12.) — Hopcalite  is  a  new  compound  for  removing 
the  carbon  monoxide,  a  deadly  gas,  from  the  air  in  places  where 
workmen  are  exposed  to  its  effects. 

Carbon  monoxide  is  the  poisonous  constituent  of  illuminating 
gas  and  is  responsible  for  the  deaths  of  persons  who  inhale  the 
fumes  from  gas  jets.  The  use  of  an  adequate  filter  in  gas  masks 
would  be  of  great  value  to  firemen  and  others  entering  a  room  in 
which  there  is  free  illuminating  gas.  The  carbon  monoxide  also 
appears  in  the  fumes  from  automobiles  which  sometimes  overcome 
workmen  in  repair  shops  and  garages. 

Hopcalite  was  devised  originally  for  use  as  a  filter  in  the  army 
gas  masks,  and  the  experiments  which  led  to  its  development  were 
kept  under  the  seal  of  military  secrecy.  An  account  of  them  is 
now  published  for  the  first  time  in  the  current  number  of  the 
Journal  of  Industrial  and  Engineering  Chemistry  of  the  American 
Chemical  Society,  as  a  contribution  from  the  Chemical  Warfare 
Service.  The  publication  is  authorized  by  the  Director  of  the  United 
States  Bureau  of  Mines  and  by  the  Director  of  the  Chemical  War- 
fare Service.  The  authors  of  the  paper  are  Arthur  B.  Lamb, 
William  C.  Bray  and  J.  C.  W.  Frazer. 

Carbon  monoxide  is  so  harmful  that  at  one  time  it  was  con- 
sidered as  a  poison  gas  for  use  in  war.  Although  it  was  found  to 
be  unavailable  for  intentional  use,  it  was  a  factor  none  the  less  in 
a  militan,-  sense,  when  it  gathered  in  confined  spaces. 

"  In  one  of  the  naval  engagements  between  the  Germans  and 
the  English,"  to  quote  from  the  paper,  "  defective  high  explosive 
shells,  after  penetrating  into  inclosed  portions  of  ships,  evolved 
large  quantities  of  carbon  monoxide  and  thus  killed  some  hundreds 
of  men.  On  shore,  machine  gun  fire  in  inclosed  places  such  as  pill 
boxes  and  tanks  liberates  relatively  large  portions  of  carbon  mon- 
oxide and  has  been  responsible  for  numerous  casualties.  Similarly 
in  mining  and  sapping  work,  the  carbon  monoxide  liberated  from 
the  detonation  of  high  explosives  constitutes  one  of  the  most  serious 
of  the  difficulties  connected  with  this  work,  and  has  necessitated 
elaborate  equipment  and  extensive  military  training  in  mines 
rescue  work. 

"  Carbon  monoxide  is  also  a  serious  hazard  in  peace  as  well  as 
in  war.  In  the  manufacture  of  power  and  illuminating  gas,  and 
in  thf'  ncta'  industries  where  this  gas  is  largely  employed,  casualties 
and  indeed  fatalities  are  constantly  occurring.  In  coal  mining,  in 
certain  classes  of  copper  mining  and  wherever  explosives  are  used 
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in  confined  spaces,  carbon  monoxide  is  a  serious  menace  responsible 
for  the  loss  of  many  lives  each  year.  Leaky  flues,  exhaust  gases 
from  explosive  engines,  improper  ventilation  where  coal  fires  are 
employed  and  the  air  to  which  firemen  are  exposed  to  burning 
buildings  all  constantly  take  a  not  inconsiderable  toll  of  human  lives." 

So  important  is  the  fight  against  carbon  monoxide  regarded  in 
the  future,  that  special  investigations  have  been  begun  lately  to 
determine'  the  best  means  of  combating  it  in  spaces  where  auto- 
mobiles are  moving  under  conditions  where  there  is  little  ventilation. 
Thirteen  students  of  Yale  University  recently  voilunteered  to  submit 
themselves  to  tests,  to  determine  how  much  of  the  gas  the  human 
system  could  tolerate  when  mixed  with  air.  The  proposed  experi- 
ment was  suggested  by  the  plans  for  the  huge  vehicular  tunnel 
under  the  Hudson  River  which  is  to  connect  New  York  City  and 
New  Jersey.  Through  it  will  be  moved  many  automobiles  and 
power  trucks  at  different  levels,  and  the  carbon  monoxide  factor 
is  considered  a  strong  one  in  planning  systems  of  ventilation  for 
the  colossal  bore. 

The  research  which  resulted  in  the  development  of  hopcalite 
began  at  the  University  of  California.  The  group  of  investigators 
were  transferred  to  a  station  at  the  American  University,  at  Wash- 
ington, D.  C,  and  Washington  and  Baltimore  laboratories  worked 
in  collaboration.  The  Hopcalite  first  made  consisted  of  a  mixture 
of  fifty  per  cent,  manganese  dioxide,  thirty  per  cent,  of  copper 
oxide,  fifteen  per  cent,  of  cobalt  dioxide  and  five  per  cent,  of  silver 
oxide.     Minor  modifications  have  since  been  made  in  the  process. 

It  was  ascertained  that  this  mixture  placed  in  an  ordinary  gas 
mask  canister  worked  very  well.  Its  usefulness,  however,  is  gradu- 
ally impaired  by  the  absorption  of  moisture.  This  danger  point 
can  readily  be  determined  by  weighing  the  canister  from  time  to  time 
and  discarding  the  mixture  when  its  weight  reaches  a  certain  weight. 

Recent  Investigations  on  Milk  and  Butter. — G.  C.  Supplee, 
in  a  thesis  published  by  the  Cornell  University  Experiment  Station, 
presents  the  results  of  studies  to  determine  the  lecithin  content  of 
butter  and  its  relation  to  the  fishy  flavor  occasionally  observed  which 
reduces  its  commercial  value,  although  it  may  have  no  sanitary 
significance.  After  a  discussion  of  the  literature,  the  author  sets 
forth  data  derived  from  a  careful  study  of  the  lecithin  content  of 
many  samples  of  butter,  as  there  appear  to  be  no  reports  on  this 
question.  It  was  found  that  lecithin  in  appreciable  quantities  could 
be  obtained  and  identified  by  appropriate  tests.  Quantitative  de- 
terminations were  made  on  butter  made  from  cream  respectively 
raw  and  ripe,  pasteurized  and  sweet.  In  all  these  notable  amounts 
of  lecithin  were  found.  Ripened  cream  seems  to  yield  a  bultcr 
with  a  less  lecithin  content  than  the  raw  cream.  Confirmative 
reaction  was  obtained  by  the  production  of  choline  periodide,  the 
crystals  of  which  are  distinct  and  of  which  photmicrographs  are 
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shown.  The  final  conchision  of  the  investigation  is  that  the  fishy 
odor  is  due  to  small  quantities  of  trimethylamine  produced  by  the 
decomposition  of  the  lecithin.  A  definite  acid  condition  is  essential 
to  the  development  of  the  fishy  flavor,  and  is  most  likely  to  be 
produced  when  butter  is  made  from  cream  containing  lactic  acid, 
whether  this  latter  is  produced  by  fermentation  or  by  direct  addition, 
but  some  strictlv  biologic  condition  must  also  exist. 

H.  L. 

The  Food  Value  of  Milk  is  discussed  at  length  and  from 
the  results  of  many  experiments  by  Edna  L.  Ferry  in  Bull.  215, 
Dec.  1919,  of  the  Connecticut  Agric.  Expef.  Sta.  The  following 
are  the  principal  points  established : 

Milk  is  absolutely  essential  for  the  young,  is  a  desirable  addition 
to  the  diet  of  adults,  and  the  main  reliance  in  many  cases  of  disease. 
Milk  is  especially  adapted  to  supplement  the  protein  deficiencies  of 
the  cereals  which  constitute  so  large  a  part  of  human  food,  in 
addition  to  which  its  content  of  the  three  so-called  "  vitamins," 
makes  it  almost  indispensable  for  "  growing  "  animals,  but  it  is  not 
yet  proved  that  they  are  all  essential  to  maintaining  health  in  well- 
developed  adults.  One  of  the  vitamins — known  provisionally  as  the 
scurvy-pi;eventing  form — is  destroyed  by  heat,  and  therefore,  it 
is  to  be  inferred  that  for  infants  fed  on  pasteurized  or  sterilized 
milk,  some  other  food,  such  as  orange  juice,  containing  this  vitamin 
should  be  liberally  used.  The  investigator  declares  that  milk  at 
16  cents  a  quart  is  a  cheaper  food  than  beef  at  35  cents  a  pound  or 
eggs  at  35  cents  a  dozen.  H.  L. 

Liquid  Oxygen  and  its  Application  as  an  Explosive  in  Min- 
ing. R.  Papst.  {Zeit.  Ver.  Deutscher  Ing.,  Jan.  3,  1920.) — 
According  to  this  book  review^  the  use  of  liquid  oxygen  as  an  ex- 
plosive acquired  considerable  vogue  in  Germany  during  the  war. 
Indeed  the  members  of  The  Franklin  Institute  saw  pictures  of 
certain  phases  of  its  use  in  the  thoughtful  destruction  of  French 
industrial  plants  upon  the  occasion  of  the  lecture  of  Mr.  George 
S.  Rice  on  November  19,  1919. 

Since  1914  the  "  Sprengluftgesellschaft  "  has  made  great  prog- 
ress in  the  handling  of  liquid  air.  The  kernel  of  the  matter  lies  in 
the  production  of  special  vacuum  vessels  in  which  the  liquid  can  be 
shipped  and  in  which  it  will  remain  at  -180°  C. 

It  is  possible  to  produce  on  a  wholesale  scale  cartridges  of  long 
life  and  of  a  wide  range  of  explosive  properties.  The  difficulty 
of  having  the  fuse  at  the  very  low  temperature  of  the  liquid  air 
has  been  overcome.  A  great  advantage  of  this  type  of  explosive 
is  its  harmless  character  so  long  as  the  cartridge  and  the  liquid 
air  are  not  in  intimate  contact. 

The  suggestion  is  made  that  land  can  be  cleared  of  stumps 
at  a  cost  of  about  4  marks  per  square  meter.  G.   F.   S. 
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The  Recent  Eclipse  Results  and  Stokes-Planck's  Aether. 
L.  SiLBERSTEiN,  Univ.  o£  RoiTie.  (Phil.  Mag.,  Feb.,  1920.) — In 
1845  Sir  G.  G.  Stokes  proposed  a  theory  of  aberration  in  which  the 
ether  at  the  earth's  surface  was  supposed  to  be  dragged  along  with 
the  earth  and  at  the  same  velocity.  The  dragging  effect  grew  less 
as  the  distance  from  the  earth  increased,  until  it  ceased  entirely  and 
the  ether  had  no  motion  imparted  to  it  by  reason  of  the  earth's 
motion.  Later  Planck  added  the  important  detail  that  the  ether  is 
condensed  near  bodies  such  as  the  earth  which  have  the  force 
of  gravitation. 

Prof.  Silberstein  believes  that  this  theory  accounts  for  the 
aberration  of  light,  "  for  the  older  terrestrial  optical  nil-effects," 
"  also  for  the  nil-efifect  of  the  Michelson-Morley  experiment." 
"  The  bending  of  rays  of  light  round  the  more  massive  terrestrial 
bodies  would  be  only  a  by-product  of  the  theory."  This  rival  to 
the  Einstein  theory  thus  accounts  for  the  bending  of  the  rays  of 
light  from  stars  when  the  path  is  close  to  the  sun  as  was  observed 
to  be  the  case  at  the  solar  eclipse  of  1919.  It  does  not,  however, 
carry  with  it  as  a  consequence  that  there  should  be  a  shift  in  the 
lines  of  the  spectrum  as  does  the  Einstein  theory.  This  shift  is 
"  obstinately  absent,"  yet,  on  the  other  hand,  in  Nature,  Jan.  29, 
1920,  is  cited  a  passage  from  a  letter  coming  from  Einstein  in  which 
he  says  that  two  young  physicians  in  Bonn  have  as  good  as  proved 
the  existence  of  the  displacement  effect  in  the  spectrum  lines. 

G.  F.  S. 

'  Glues  Used  in  Airplane  Parts.  (Report  66,  National  Advisory 
Committee  for  Aeronautics.) — This  report  compiled  by  S.  W.  Allen 
and  T.  R.  Truax,  of  the  Forest  Products  Laboratory,  U.  S.  Dep't 
Agriculture,  gives  a  large  amount  of  information  on  the  composition 
and  efficiency  of  the  many  forms  of  glue  that  have  been  tried  out 
with  the  airplanes.  Brief  accounts  are  given  of  the  glues,  and  a 
classification  of  them,  a  classification  that  is  somewhat  arbitrary, 
probably  for  strictly  practical  reasons,  as  a  distinction  is  made 
between  "  animal  "  glues  and  "  liquid  "  glues,  although  both  kinds 
are  prepared  from  animal  tissues.  Vegetable  glues  are  generally 
made  from  starch,  the  cassava  being  the  usual  source.  Casein  glues 
contain  casein  mixed  with  lime  and  other  ingredients.  Blood- 
albumin  glues  are  usually  sold  in  powdered  form  and  when  dissolved 
must  be  used  promptly,  being  very  liable  to  decomposition.  De- 
scriptions are  given  of  the  standard  methods  of  manufacturing  of 
all  these  forms  of  glues,  the  precautions  to  be  taken  in  applying 
them,  and  a  bibliography  of  each  type.  In  comparing  the  efficiency 
of  the  different  types,  ordinary  animal  glue,  on  account  of  its  long 
use  and  familiarity  to  all  wood-workers,  is  taken  as  the  standard. 
This  form  has  some  very  desirable  properties,  among  which  are 
great  strength  and  rclial)ilily  in  the  higher  grades,  free  flowing  and 
the  fact  that  it  does  not  cause  staining  in  fancy  veneers.    So  far  no 
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substitute  has  been  found  for  this  glue  for  hand-spreading  on  ir- 
regular joints.  The  price  of  the  article  and  the  fact  that  it  is  not 
water-resistant  are  the  chief  factors  that  limit  its  use.  Casein  glue 
has  high  water-resistance,  is  easily  spread,  strong  and  can  be  used 
cold,  but  it  stains  veneers,  and  some  forms  have  short  working  life. 
X'egetable  glues  have  found  extensive  use  in  recent  years  on  account 
of  their  cheapness.  They  also  may  be  used  cold  and  remain  in 
good  working  conditions  for  many  days,  but  are  very  viscous, 
cannot  be  spread  by  hand,  are  not  water-resistant  and  usually  cause 
staining  in  thin  veneers.  Blood-albumin  glue  has  notably  high  re- 
sistance to  moisture,  especially  in  the  boiling  test,  which  makes  it 
useful  in  cementing  plywood  that  is  afterwards  to  be  softened  in 
hot  water  and  molded.  It  is  possible  to  make  very  cheap  glues  of 
this  type.  The  drawbacks  to  blood-albumin  glue  are  the  expensive 
apparatus  required,  the  relatively  low  production  and  the  fact  that 
it  is  not  very  suitable  for  gluing  thick  stock. 

Liquid  glues  are  in  general  similar  to  the  standard  animal  glue, 
but  the  commercial  forms  are  not  uniform,  some  being  quite  strong 
and  others  weak.  Their  great  advantage  is  that  they  come  ready 
for  use,  which  makes  them  suitable  for  patch-work  and  small  jobs. 
The  high  price,  low  water-resistance  and  difficulty  in  distinguishing 
between  good  and  bad  brands  are  serious  drawbacks.  Several  pages 
are  devoted  to  summarizing  the  testing  methods  and  results. 

H.  L. 

The  Mechanism  of  the  Addition  of  Hydrogen  to  Unsaturated 
Glycerides  in  the  Presence  of  Finely-Divided  Nickel  has  been 
studied  by  R.  Thomas  {Journal  of  the  Society  of  Chemical  In- 
dustry, 1920,  xxxix,  Transactions,  pp.  10-18).  The  more  highly 
unsaturated  glyceride  linolin  added  hydrogen  at  a  very  considerably 
greater  rate  than  did  the  less  unsaturated  glyceride  olein.  The 
hydrogen  apparently  becomes  active  by  absorption  in  the  nickel, 
which  plays  the  part  of  a  catalyst,  and  is  dissociated  from  molecules 
into  atoms.  The  olein  is  brought  into  an  active  condition  by  infra- 
red rays  emitted  by  the  catalyst;  and  the  reaction  is  photochemical 
in  nature.  Gaseous  catalyst  poisons  may  act  in  a  purely  physical 
nianner,  or  may  act  in  a  chemical  manner,  either  reacting  in  the 
presence  of  the  catalyst  e.g.  carlx)n  monoxide,  or  combining  with 
the    catalyst,  e.g.  hydrogen  sulphide.  J.  S.  H. 

Industrial  Research. — In  a  bulletin  of  Arthur  D.  Little,  Inc. 
(^ Bibliographic  Series  No.  3),  entitled  "A  Reading  List  on  Industrial 
Researcli,"  by  West  and  Greenman,  Dr.  Little  writes  an  introduction 
in  which  he  says  among  other  statetnents :  "  Within  a  professional 
experience  of  more  than  thirty  years  nothing  has  been  so  striking 
as  the  sudden  recognition  of  the  fundamental  importance  of  re- 
search, by  governments,  leaders  of  industry,  and  the  man  in  the 
street,  during  the  progress  of  the  war.     The  war  itself  has  been 
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characterized  as  a  chemist's  war,  and  chemistry  has  permeated 
every  aspect  of  it.  The  chemists  of  all  the  belligerent  countries 
have  been  organized  into  the  equivalent  of  what  we  have  termed 
the  Chemical  Warfare  Service,  and  for  the  time,  to  which  we  may 
now  happily  refer  in  the  past  tense,  the  entire  chemical  brain 
and  energy  of  each  combatant  nation  was  engaged  in  the  solution 
of  problems  of  ofifense  and  defense."  A  single  producer  found 
it  necessary  to  employ  a  thousand  chemists.  "  Thus,"  adds  Dr. 
Little,  "  it  has  become  the  duty  and  the  privilege  of  those  of  us 
who  are  familiar  with  this  method  and  its  application  to  preach 
the  Gospel  of  Research." 

H.  L. 

Digestibility    of    Certain    Miscellaneous    Vegetable    Fats.— 

Arthur  D.  Holmes  and  Harry  J.  Denel,  Jr.,  have  found  that  the 
digestibility  coefficient  of  fats,  which  have  melting  points  above 
body  temperature,  varies  inversely  with  the  melting  point.  The 
tolerence  of  a  fat  by  the  human  body  governs  its  use  in  the  dietary. 
In  the  present  paper  (Journal  of  Biological  Chemistry,  1920,  XLI, 
227-235),  these  investigators  have  studied  the  digestibility  of  certain 
less  commonly  used  fats,  which  may  be  of  value  in  times  of  shortage 
of  the  more  common  fats.  The  fat  of  the  avocado  fruit  is  87.9  per 
cent,  digestible.  Cohune  oil,  derived  from  the  kernel  of  the  cohune 
palm,  Attalea  cohune,  of  Central  America,  is  99.1  per  cent,  digest- 
ible. Cupuassu  fat,  which  is  expressed  from  the  seeds  of  the 
cupuassu  tree  of  Brazil,  is  94.1  per  cent,  digestible.  Hemp  seed  oil 
is  98.5  per  cent,  digestible.  Palm  kernel  oil  is  pressed  from  the 
interior  portion  of  the  kernels  of  the  fruit  of  the  African  palm 
tree,  Elaesis  guineensis;  it  is  98.0  per  cent,  digestible.  Poppy  seed 
oil,  which  is  produced  in  the  Orient  and  is  used  as  an  edible  oil  in 
Europe,  is  96.3  per  cent,  digestible.  These  oils  and  fats  exerted  no 
unusual  effect  on  the  utilization  of  the  protein  and  the  carbohydrate 
in  the  diet ;  none  of  them  produced  any  abnormal  physiological 
effect  except  cupuassu  fat,  which  caused  slight  disturbances. 

J.  S.  H. 

Industrial  Uses  for  the  Shark  and  Porpoise  are  enumerated 
by  Dr.  Allen  Rocers,  in  the  Journal  of  the  Society  of  Chemical 
Industry,  1920,  xxxix,  Transactions,  pp.  9-10.  The  sharks  are 
caught  in  nets.  The  fins  are  removed,  dried  in  the  sun,  and  sold  to 
Chinese  as  an  ingredient  for  soups.  The  skins  are  removed,  fleshed 
by  machines,  pickled  in  salt  and  suli)huric  acid,  and  finally  submitted 
to  tanning  processes  to  obtain  either  bag  leather  or  shoe  leather, 
ihe  flesh  and  hones  are  groujid.  then  dried  in  a  rotary  dryer  to 
obtain  a  fish  scrap  fertilizer  which  contains  from  15  to  17  per  cent, 
of  nitrogen  calculated  as  ammonia.  The  livers  are  allowed  to  dis- 
integrate for  several  days,  then  are  heated  to  boiling  for  approxi- 
mately one  hour  in  sl(>ani-iacketefi  kettles  Id  remove  the  oil.  which 
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is  purified  by  washing-  and  settling.  Porpoises  are  caught  and 
utiHzed  in  a  similar  fashion ;  however,  the  bkibber  and  the  jaw  oil 
are  collected  and  used  separately  for  the  manufacture  of  oils.  The 
flesh  of  both  sharks  and  porpoises  is  edible,  and  should  serve  as  a 
source  of  food  for  man. 

J.  S.  H. 

Army  Ration. — Dr.  jMerkel  H.  Jacobs,  Captain,  Sanitary 
Corps,  United  Slates  Army,  has  studied  the  army  ration  and  its 
balance  (Military  Surgeon,  1919,  xliv,  600-616).  Under  ordinary 
conditions,  a  soldier  eats  sufficient  food  to  obtain,  on  the  average, 
from  3200  to  4000  calories  daily.  In  a  permanent  camp  his  average 
daily  food  consumption  is  3600  calories,  including  1200  calories  at 
breakfast,  1300  calories  at  dinner,  and  iioo  calories  at  supper;  no 
grams  of  protein  or  nitrogenous  food  and  97  grams  of  fat  are 
eaten  daily;  the  remainder  of  the  energy  is  supplied  by  starches 
and  sugars  in  the  foodstuffs.  A  deviation  of  200  or  300  calories 
from  the  average  is  permissible  on  some  days  provided  the  general 
average  be  maintained. 

J.  S.  H. 

Carotinoids  as  Fat-Soluble  Vitamine. — The  provisional  as- 
sumption has  been  made  that  the  fat-soluble  vitamine  is  identical 
with  one  of  the  carotinoids  or  pigments  of  the  fats.  Palmer 
(Science,  1919,  I,  501-502)  points  out  that  the  fat-soluble  vitamine 
may  occur  in  nature  in  the  absence  of  carotinoids,  and  that  carotin- 
oids may  occur  in  nature  and  the  absence  of  the  fat-soluble  vitamine. 
Thus,  fresh  cotton-seed  oil  contains  carotinoids  but  no  fat-soluble 
vitamine ;  the  milk  fat  of  certain  animals  contains  fat-soluble 
vitamine  but  no  carotinoid.  Therefore  the  fat-soluble  vitamine 
cannot  be  identical  with  a  carotinoid  pigment. 

J.  S.  H. 

Longevity  cf  Bacteria  in  Bottled  Commercial  Spring  Water. 
— Maud  ^Iasox,  Obst.  (Journal  of  the  American  Pharmaceutical 
Association,  1919,  viii,  735-745),  concludes  that  water  can  be  stored 
in  bottles  so  that  contamination  will  not  enter.  When  a  stored 
bottled  water  is  re-examined  within  a  period  of  30  days,  the  two 
analyses  may  or  may  not  yield  the  same  bacterial  count ;  but 
B.  coli,  whose  presence  indicates  fecal  pollution,  will  probably  not 
increase  during  the  interval  between  the  analyses.  Even  after 
storage  for  3  years,  pollution  can  be  detected  in  a  bottled  water; 
such  water  may  not  be  used  wnth  safety  for  drinking  purposes. 
Apparently  certain  salts  favor,  and  other  salts  are  antagonistic 
to,  the  longevity  of  bacteria  in  commercial  waters.  The  presence 
of  moulds  in  large  numbers  in  a  bottled  water  suggests  storage. 
In  the  presence  of  water  bacteria,  B.  coli  may  live  in  bottled  spring 
waters  for  several  years;  it  is  not  safe  to  assert  that  B.  typhosus 
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(the  organism  of  typhoid  fever)  and  other  members  of  this  group 
of  bacteria  will  not  survive  long  periods  of  storage  under  similar 
conditions.  When  pure  cultures  of  B.  coll.,  D.  typhosus,  and 
B.  dysenteries  (the  organism  of  bacillary  dysentery)  were  intro- 
duced into  sterilized,  bottle  spring  waters,  these  organisms  did  not 
multiply ;  in  fact  they  underwent  a  steady  decrease  in  number. 
However,  B.  dysentcriix  was  recovered  alive  from  3  such  waters  4 
or  5  days  after  inoculation ;  and  B.  typhosus  was  recovered  alive 
from  a  water  which  had  been  stored  for  2  months  after  inoculation. 

J.  S.  H. 

Specific  Heat  of  Liquid  Hydrogen  and  of  Solid  Hydrogen. 
Heat  of  Fusion  of  Hydrogen.  \N .  H.  Keesom  and  H.  Kamer- 
LiNGH  Onnes.  {Commimications  from  the  Physical  Laboratory 
of  the  University  of  Leiden.) — Liquid  Hydrogen.  The  calorimeter 
was  jacketed  with  solid  hydrogen.  Heat  was  applied  to  the 
liquid,  whose  temperature  ranged  from  15  to  20  degrees  absolute, 
by  means  of  an  electric  current. "  The  values  of  the  specific  heat 
varied  from  1.67  to  2.18  calories  per  gram. 

Solid  Hydrogen.  The  results  are  merely  preliminary.  The 
values  of  the  specific  range  from  .45  to  .73.  Thus  the  product  of 
the  specific  heat  of  hydrogen  by  its  atomic  weight  (atomic  heat) 
is  onl}^  a  small  part  of  the  value  which  other  solid  elements  have 
for  this  quantity.  It  is  noticed  that  hydrogen  like  water  has  a 
smaller  specific  heat  in  the  solid  than  in  the  liquid  phase. 

Heat  of  Fusion.  A  mean  value  of  15  calories  per  gram  is  given 
as  the  result.  G.  F.  S. 

Annual  Physical  Society  and  Optical  Society  Exhibition. 
London.  (Electrician,  Jan.  16,  1920.) — llic  last  previous  exhibit 
of  the  Physical  Society  was  held  in  191 3.  The  Admiralty  and  the  Air 
Ministry  displayed  instruments  captured  from  the  Germans,  mostly 
of  an  optical  character  and  of  surprisingly  crude  workmanship. 

One  especially  interesting  exhibit  was'  an  electrical  CO, 
recorder  to  measure  the  percentage  of  this  gas  in  flue  gases.  Tw^o 
exactly  similar  spirals  of  platinum  wire  are  supported  in  similar 
holes  in  a  copper  block  and  are  made  two  arms  of  a  "Wheatstone 
Bridge,  which  is  then  balanced  so  that  the  galvanometer  shows 
no  deflection.  While  the  same  current  flows  through  both  spirals, 
they  lose  heat  equally  and  remain  at  the  same  temperature,  provided 
they  are  surrounded  with  the  same  gas.  If  one,  however,  is  sur- 
rounded by  air  while  the  other  has  flue  gas  around  it,  the  heat  loss  will 
be  difl^erent  and  by  consequence  the  temperatures  of  the  spirals  and 
the  electrical  resistances  will  diflcr.  This  destroys  the  balance  of  the 
bridge  and  the  galvanometer  deflects.  From  the  amount  of  the 
deflection  the  percentage  of  CO.^  is  inferred,  in  fact  the  galvano- 
meter records  directly  upon  a  chart  from  which  percentages  can 
at  once  be  read.  G.  F.  S. 
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American  Pulp-Woods. — The  Forest  Products  Laboratory  of 
the  U.  S.  Dep't  of  Agriculture  has  reprinted  as  a  bulletin  a  collec- 
tion of  data  (originally  appearing  in  Paper,  July  30,  1919)  concern- 
ing the  American  woods  that  may  be  available  as  sources  of 
paper-pulp.  The  great  demand  for  paper  has  brought  about  in- 
vestigations for  new  sources.  The  experiments  were  made  in 
semi-commercial  digestors  carrying  about  100  pounds  of  material. 
It  was  found  that  the  general  cooking  conditions,  yield,  bleach  con- 
sumption and  other  points  as  derived  from  the  experimental  plant 
compare  satisfactorily  with  results  obtained  on  the  large  scale. 
The  publication  gives  detailed  information  as  to  the  suitability 
of  about  two  score  American  trees,  mostly  in  relation  to  the 
sulphate,  sulphite  and  mechanical  processes,  but  a  few  also  for 
soda-pulp.  With  each  tree  is  given  the  approximate  distribution, 
the  scientific  and  common  names,  the  yield  under  the  different 
methods,  the  physical  qualities  of  the  pulp  and  the  most  likely 
use  that  can  be  made  of  it  in  the  paper  trade.  There  is  a  great 
range  of  applicability  noted.  The  experiments  have  been  going 
on  for  ten  vears. 

H.  L. 

Production  of  Alcohol  from  Sulphite  Liquors.  {Bibliographic 
series  Xo.  2,  Arthur  D.  Little,  Inc.) — This  is  a  bibliography  of 
a  little  over  one  hundred  items  on  the  literature  of  the  manu- 
facture of  alcohol,  principally  ethyl  from  the  waste  liquor  of 
sulphite  pulp  works.  This  highly  objectionable  waste  has  been 
the  subject  of  extensive  studies  with  a  view  to  find  some  use  for 
it  that  will  make  its  utilization  reasonably  profitable.  The  list 
was  prepared  by  Clarence  D.  West.  The  items  are  arranged  by 
authors  alphabetically.  It  might  be  a  better  plan  to  arrange 
them  chronologically.  The  extent  of  the  bibliography  shows  the 
interest  that  attaches  to  this  subject. 

H.  L. 

Effect  of  Light  on  Glue,  (Aircraft  Technical  Note,  Bureau 
of  Construction  amd  Repair,  Navy  Department.) — Lieut.  Gardner, 
U..S.X.R.F.,  reports  that  inquiries  having  been  made  as  to  the  possible 
effect  of  ultra-violet  light  on  glue  used  in  laminated  wood  con- 
struction, investigations  have  been  started,  though  the  impression  is 
that  the  effect  will  be  slight.  The  basis  of  the  inquiry  is  probably 
the  general  opinion  that  the  intensity  of  the  ultra-violet  light  in- 
creases with  altitude,  owing  to  the  less  absorption  by  the  atmosphere. 
It  is  noted  that  the  older  method  of  finishing  plywood  with  varnish 
would  not  protect  the  glue,  but  the  department  now  uses  a  gray 
enamel  which  is  practically  opaque  to  light  rays. 

Veneer  Tests. — In  the  bulletin  above  quoted,  the  experiments  of 
the  Forest  Products  Laboratory  with  several  types  of  glues  used  in 
fastening  veneers   are   recorded.      Panels    suitably   prepared   were 
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exposed  to  the  action  of  fresh  and  salt  water.  gasoHne  and  engine 
oil,  boiling  and  soaking  and  to  differing  conditions  of  atmospheric 
humidity.  Fresh  and  salt  water  seemed  to  have  about  equal  effect. 
Glued  panels  that  resist  eight  hours'  boiling,  followed  by  subsequent 
drying,  will  also  stand  twenty-four  hours'  baking.  For  inspection 
purposes  the  boiling  has  been  limited  to  eight  hours,  which  is  equiva- 
lent to  a  ten  days'  soaking  test.  Panels  that  pass  this  test  will  stand 
much  exposure  to  atmospheric  humidity. 

H.  L. 

Prevention  of  Dope  Poisoning,  {Aircraft  Technical  Note, 
Bureau  of  Construction  and  Repair,  Navy  Department.) — Workmen 
who  apply  the  dopes  to  wing  fabrics  find  often  serious  skin  troubles 
on  the  hands.  It  has  been  found  possible  to  eliminate  much  of  this 
difficulty  by  using  vaseline,  glycerol  or  similar  emollients  rubbed  well 
on  the  hands  before  beginning  work.  The  dried  dope  does  not  then 
adhere  firmly  to  the  skin  and  can  be  removed  by  rubbing  in  a  further 
portion  of  the  emollient  and  washing  with  soap  and  water.  An 
application  of  vaseline  to  the  cleaned  surface  is  beneficial.  Dopes 
containing  tetrachlorethane,  which  is  volatile,  cause  pronounced 
jaundice  to  those  much  exposed  to  the  vapors  of  it,  and  this  solvent 
is,  therefore,  not  approved  by  the  Navy  Department.  The  solvents 
now  used  are  not  strongly  toxic,  but  in  all  such  work  active  venti- 
lation should  be  maintained. 

H.  L. 

Royal  Belgian  Academy,  Section  of  Sciences.  {Bull.  Classe 
des  Sciences,  1919,  p.  158.) — Formally  decided  to  sever  relations  and 
to  cease  the  exchange  of  publications  with  the  learned  societies  of 
Germany,  Austria,  Hungary,  Bulgaria  and  Turkey,  to  send  no 
publications  to  the  savants  of  these  nations,  to  refuse  to  receive 
and  to  return  such  publications  as  should  be  sent  to  the  Academy 
by  authors  or  societies  in  the  five  enemy  countries  and  to  employ 
the  usual  channels  of  commerce  to  purchase  such  publications  as  seem 
strictly  essential.  G.  F.  S. 

Thermostat  for  Low  Temperatures.  P.  Bruylants  and  W. 
MuND.  {Bull.  Classe.  des  Sciences.  Acad.  Roy.  de  Behjiqne,  1919, 
p.  113.) — The  boiling  of  a  pure  liquid  under  a  constant  pressure  fur- 
nishes a  fixed  temperature  and  is  especially  applicable  when  rather 
high  temperatures  are  desired.  The  melting  of  pure  solids  in  con- 
tact with  their  liquids  gives  another  method,  but  the  presence  of 
a  small  quantity  of  impurity  makes  quite  a  dift'erence  in  the  melting 
point.  The  authors  employ  the  constancy  of  temperature  at  which 
cryohydrates  solidify.  Cryohydrates  are  solutions  of  salts  in  water 
of  such  strength  that  they  are  saturated  at  the  temperature  at  which 
solidification  occurs.  The  resulting  solid  therefore  is  composed  of 
both  solvent  and  solute  and  the  lui frozen  part  of  llie  li(|ui(l  remains 
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saturated  as  at  the  beginning  of  freezing.  A  table  of  cryohydrates  is 
given  whose  temperatures  of  soUdification  range  from  -62°  to 
-2.9"  C.  For  instance,  42.5  gr.  calcium  chloride  in  100  gr.  water 
solidifies  at  -55". 

A  large  Dewar  bulb,  tilled  with  alcohol  or  ether,  contained  a 
cylindrical  vessel  enclosing  the  cryohydrate  (eutectic).  The  con- 
stancv  of  temperature  was  such  that  in  one  case  the  change  in  an 
hour  and  a  half  amounted  to  only  .03°,  while  the  largest  change  was 
.07°  in  four  or  five  minutes. 

A  disadvantage  is  the  likelihood  of  the  solidification  of  the 
cryohydrate  causing  the  breaking  of  vessels  immersed  in  it. 

The  article  bears  the  date  July.  1914,  Louvain — a  month  before 
the  town  fell  into  the  hands  of  the  Germans. 

G.  F.  S. 

The  Measurement  of  Magnetic  Susceptibilities  of  Low  Order. 

Ernest  Wilson.  {Proc.  Royal  Soc,  A680  Feb.,  1920.) — In  con- 
nection with  the  new  magnetic  survey  of  the  British  Isles  it  was 
found  desirable  to  have  a  convenient  instrument  for  the  measurement 
of  low  magnetic  susceptibilities  such  as  those  of  granite  and  other 
rocks.  The  principle  of  the  Curie  balance  was  employed,  that  is,  the 
specimen  under  examination  was  suspended  from  a  torsion  thread 
so  that  it  rested  within  the  air  gap  of  a  ring  electro-magnet.  When 
a  current  flows  through  the  coils  of  the  magnet  the  specimen  is 
deflected  and  the  angle  is  determined  by  a  mirror.  The  susceptibility 
per  unit  volume  is  calculated  in  a  simple  manner  from  this  deflection, 
the  number  of  amperes  of  current  and  a  constant  of  the  instrument. 
The  instrument  can  be  used  to  investigate  the  magnetic  proper- 
ties of  powders  and  of  liquids.  It  promises  to  furnish  a  rapid 
method  for  determining  the  relative  amounts  of  ferrous  iron  in  dif- 
ferent specimens  of  glass.  Mica  was  found  to  have  fifty  times  as 
great  a  susceptibility  parallel  to  the  laminate  as  perpendicular  to  them. 

G.  F.  S. 

Bituminous  Coal  Industry,  (U.  S.  Geological  Survcry  Press 
Bulletin,  Xo.  439,  February,  1920.) — At  the  February  meeting  of 
the  American  Institute  of  Mining  and  Metallurgical  Engineers  in 
New  York  the  afternoon  session  on  Tuesday,  February  17,  was 
devoted  to  a  discussion  of  the  bituminous-coal  industry.  The  fluc- 
tuations in  production  and  their  extent  and  causes  were  discussed 
in  a  paper  by  George  Otis  Smith,  Director  of  the  United  States 
Geological  Survey,  Department  of  the  Interior,  and  F.  G.  Tryon, 
the  coal  statistician  of  the  Survey.  The  statistical  facts  collected  by 
the  Survey  during  the  last  30  years  were  graphically  set  forth  in  a 
dozen  diagrams  and  certain  broad  conclusions  were  drawn  from 
these  facts. 

The  "  bad  load  factor  "  of  the  soft-coal  mines  of  the  country 
shows  itself  in  the  annual,  seasonal,  and  daily  fluctuations  in  coal 
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production.     On  the  average,  during  the  past  30  years  the  mines 
have  been  idle  93  working  days  in  the  year. 

The  national  interest  in  bettering  the  load  factor  of  the  soft-coal 
industry  is  measured  by  the  fact  that  we  have  an  excess  mine  capacity 
of  at  least  150  million  tons  and  an  excess  labor  force  of  perhaps 
150,000  men.  In  terms  of  man-days,  universal  military  training  of 
our  yovmg  men  for  three  months  Avould  cost  the  nation  less  than  the 
present  enforced  idleness  in  coal  mining. 

Chromite  Production,  1918.  (U.  S.  Geological  Survey  Press 
BiiUctm,  No.  438.) — In  view  of  the  record-breaking  production  of 
chromite  in  the  United  States  in  191 8,  reported  by  the  United  States 
Geological  Survey,  Department  of  the  Interior,  it  is  of  interest  to  note 
the  part  it  played  in  the  world's  output  for  that  year.  The  approxi- 
mate output  in  round  numbers  for  each  country  is  expressed  below 
in  metric  tons. 

World's  Production  of  Chromite  in  1918. 

United   States   84,000 

Canada    20,000 

Cuba   9,000 

Guatemala     1,200 

Brazil     18,000 

British  South  Africa   28,000 

Turkey   (Asia  Minor)    14,000 

Greece    10,000 

Austria-Hungary    500 

Russia    16,000 

India   20,000 

Australia 800 

New  Caledonia  26,000 

Japan    8,000 

Recent  Advances  in  the  Utilization  of  Water  Power.  E.  ]\I. 
Bergstkom.  {Electrician,  Feb.  6,  1920.) — "The  outstanding  fea- 
tures in  the  development  of  the  utilization  of  waterpower  can  be 
summarized  as  follows : 

1.  The  exclusive  use  of  two  types  of  turbines  only,  namely, 
Francis  reaction  tiubines  for  low  and  medium  heads,  and  Pelton 
impulse  wheels  for  high  heads. 

2.  The  extension  of  the  use  of  Francis  turbines  under  heads 
approaching  800  feet,  and  Pelton  wheels  in  single  stage  up  to 
5500  feet. 

3.  The  exclusive  adoption  of  balanced  wicket-gates  for  regulation 
of  Francis  turbines  and  the  circular  nozzle  with  combined  dcHcctor 
and  needle  regulation  for  Pelton  wheels. 

4.  The  standardization  of  turbine  runners  and  increased  specific 
speed  permitting  the  use  of  single  vertical  units  of  large  output 
under  low  heads. 

5.  The  general  increase  of  output  per  unit,  the  maximinn  output 
at  present  being  31,200  B.H.P. 
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6.  The  general  increase  of  the  over-all  efficiency  of  about  6  to  10 
per  cent. 

7.  The  exclusive  use  of  oil -pressure  governors. 

8.  The  efficient  regulation  (by  means  of  differential  surge-tanks) 
of  turbines  using  long  pipe  lines. 

9.  The  einploynient  of  large  diameter  pipe-lines  under  high 
heads,  resulting  in  an  appreciable  reduction  of  the  initial  cost  of 
development."  G.  F.  S. 

New  Wireless  Phone  Carries  900  Miles,  {Jour.  Am.  Inst. 
Elec.  Hug.,  Feb.,  1920.) — Wireless  telephone  conversations  have 
been  carried  on  between  Ossining,  N.  Y.,  and  Chicago  over  a  dis- 
tance of  900  miles  with  a  power  of  one-third  of  a  kilowatt.  The 
wave  length  used  was  375  metres.  Wireless  telegraph  operators  in 
Ohio,  South  Carolina,  IVIassachusetts  and  Chicago  while  listening  for 
dots  and  dashes  heard  a  voice  instead  of  what  they  were  expecting. 

G.  F.  S. 

Aluminum-dust  Explosions. — The  phenomena  of  explosion 
seem  to  involve  some  very  peculiar  actions.  With  the  better 
known  explosives,  such  as  gunpowder,  guncotton  and  the  more 
recently  invented  benzene  derivatives,  the  effects  are  not  difficult 
to  understand  as  they  are  dependent  on  the  productions  of  large 
volumes  of  hot  gas,  of  high  critical  points.  With  many  other 
forms  of  explosive,  how^ever,  this  explanation  does  not  apply. 
A  minute  amount  of  mixture  of  potassium  chlorate  and  phos- 
phorus will  produce  a  startling  rending  effect,  and  a  few  grains  of 
sulphur  triturated  with  potassium  chlorate  will  often  break  a 
thick-walled  Wedgewood  mortar,  although  the  hand  holding  the 
same  is  not  injured.  In  these  cases  we  can  hardly  assume  the 
production  of  any  notable  amount  of  gas. 

In  a  recent  number  of  this  Journal  an  abstract  was  given  of  a 
report  on  starch-dust  explosions  from  the  Bureau  of  Mines,  it 
being  stated  that  the  explosion  was  unexpectedly  violent,  exceed- 
ing greatly  those  produced  by  coal  dust  and  flour.  In  Technical 
Paper  ij2  of  the  same  bureau,  Alan  Leighton  presents  interesting 
data  in  regard  to  explosions  of  aluminum  dust.  This  material 
now  extensively  used  in  the  manufacture  of  a  metallic  paint,  burns 
quietly  when  a  small  heap  of  it  is  ignited,  but  if  distributed 
through  a  confined  air  space  combustion  takes  place  with  violence. 
One  authority  (Stockmeier)  states  that  the  powder  is  not  ignited 
by  friction,  but  mixed  with  potassium  chlorate  it  is  readily  so 
ignited.  Mixed  with  air,  aluminum  powder  can  be  ignited  by  an 
electric  spark,  and  it  is  thought  that  some  explosions  have  been 
caused  by  sparks  from  electric  fans.  It  has  been  noticed  that 
when  water  is  throw^n  in  burning  aluminum,  large  volumes  of 
hydrogen  are  evolved.  Leighton  found  that  aluminum  dust  laid 
as  a  train  on  a  soft  wood  board  could  be  fired  by  short  circuiting 
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a  current  through  it,  and  that  when  water  was  thrown  on  the 
burning  mass  a  violent  puff  resulted.  It  was  also  found  that  the 
dust  sprinkled  in  iron  at  a  dull  red  heat  (about  600°  C.)  melted 
and  stuck  to  the  iron,  but  did  not  burn.  Evidently  the  igniting 
point  of  aluminum  dust  is  above  that  of  coal  dust.  Commercial 
aluminum  dust  usually  has  a  thin  coating  of  oil,  stearin  or  some 
similar  substance,  which  serves  to  prevent  oxidation,  as  the  prod- 
uct loses  its  luster  if  not  so  coated. 

The  dust  is  so  light  that  it  is  easily  blown  about  and  usually 
the  articles  in  the  workroom  are  covered  with  it.  All  apparatus 
should  be  tightly  enclosed.  If  fan-suction  is  employed  to  carry 
off  the  waste,  some  form  of  dust  precipitator  should  be  attached 
a  short  distance  from  the  grinding  machine  to  minijnize  the  risk 
of  explosion.  Explosions  of  flour  dust  often  begin  at  the  ventilat- 
ing fans  and  spread  to  the  rooms  in  which  the  dust  is  being  pro- 
duced. At  the  factories  at  which  explosions  of  aluminum  dust 
occurred,  the  ventilating  systems  seemed  to  be  designed  to  keep 
the  air  in  rapid  motion,  hence  helped  to  suspend  the  material. 
There  was  no  device  to  collect  the  dust. 

It  is  well  known  that  aluminum  enters  into  combination  with 
many  elements  wnth  great  heat  disengagement.  The  heat  of  for- 
mation of  aluminum  oxide  is  nearly  four  times  that  of  carbon 
dioxide.  The  metal  also  has  a  high  specific  heat,  hence  the  diffi- 
culty of  igniting  it  with  small  flames. 

It  is  evident  that  the  commercial  manufacture  of  the  dust 
involves  serious  risks,  which  should  be  met  by  scientific  construc- 
tion of  the  apparatus  and  proper  ventilating  systems.  Sugges- 
tions along  these  lines  are  given  in  Leighton's  paper. 

H.  L. 

Cadmium  Production  in  1919.  {U .  S.  Geological  Survey  Press 
Bulletin,  No.  440,  March,  1920.) — The  output  of  metallic  cadmium 
in  1919  was  99,939  pounds,  compared  to  127,164  pounds  in  1918 
and  207,408  pounds  in  191 7,  the  maximum  output  in  the  history  of 
the  industry.  The  production  of  cadmium  sulphide  was  31,197 
pounds,  compared  with  51,702  pounds  in  1918.  The  combined  value 
of  metallic  cadmium  and  cadmium  sulphide  in  1919  was  about  $160,- 
000,  compared  with  $258,518  in  1918  and  $376,036  in  1917.  These 
figures  computed  by  C.  E.  Siebcnthal,  are  made  public  by  the  U.  S. 
Geological  Survey,  Department  of  the  Interior. 

Though  prices  of  cadmium  were  somewhat  lower  in  1919  than 
in  the  three  years  immediately  preceding,  the  industry  closed  the  year 
in  better  condition  than  in  191 8,  for  the  reason  that  the  consumption 
practically  reached  the  level  established  in  1916-17.  and  this  with  the 
decreased  production  operated  to  reduce  stocks. 
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INTRODUCTION. 

There  have  been  many  publications  in  the  last  few  years 
on  the  application  of  physics  to  the  design  and  construction  of 
airplanes  and  to  the  theory  of  their  stability,  and  much  progress 
has  been  made  on  these  intricate  and  important  questions.  But 
for  every  one  man  who  designs  a  successful  airplane  there  are 
many  who  must  fly  it,  and  the  application  of  physics  to  the 
problems  of  actual  flight  has  been  comparatively  neglected,  so 
much  so,  in  fact,  that  many  pilots  even  overlook  entirely  the  value 
of  physics  to  a  flyer.  In  this  they  are  apparently  confirmed  by  the 
fact — and  it  is  a  fact — that  most  of  our  best  pilots  during  the 
war  were  ex-cavalr}-  officers  and  other  men  whose  previous 
experience  had  been  such  as  to  cultivate  almost  any  form  of 
knowledge  but  that  of  physics.  Notwithstanding  this,  an  air- 
plane is  governed  by  the  laws  of  physics,  and  unless  these  laws 
can  be  made  to  help  a  pilot  there  is  some  important  defect  in  our 
system  of  the  teaching  of  physics.  The  question  is  whether  this 
defect  is  in  the  laws  covered  in  our  physics  courses,  or  the 
methods  of  using  these  laws,  or  both. 

*  Presented  at  a  joint  meeting  of  the  Section  of  Physics  and  Chemistry, 
the  Aero  Club  of  Pennsylvania  and  the  Physics  Club,  held  Thursday,  Janu- 
ary 8,  1920. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributor*  to  the  Journal.] 
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This  question  was  of  especial  interest  to  me  in  learning  the 
art  of  flying,  because  I  had  been  teaching  physics  for  some  years, 
and  had  been  much  dissatisfied  with  the  conventional  methods  of 
teaching  and  their  results,  and  had  often  noticed  the  same  apparent 
futility  of  the  text-book  style  of  physics  in  sailing  a  boat,  repairing 
an  automobile,  and  other  applications  of  the  laws  of  physics  where 
arithmetic  does  not  enter.  Such  cases  suggested  strongly  that 
the  inadequacy  of  physics  as  taught  was  not  so  much  in  the  laws 
as  iri  the  methods.  The  purpose  of  the  present  article  is  not  to 
present  any  new  laws  of  aerodynamics,  and  no  effort  will  be  made 
to  trace  each  law  to  itsi  discoverer,  but  it  is  rather  to  show  what 
appears  to  me,  as  a  pilot  and  a  physics  teacher,  to  be  the  best 
way  of  presenting  the  subject  to  men  who  are  going  to  fly. 

WHAT  IS  THE  PHYSICS  OF  FLIGHT? 

To  see  what  sort  of  physics  a  flyer  does  need,  let  us  examine 
briefly  some  typical  problems  arising  in  actual  flying.  We  can 
then  examine  the  laws  underlying  them,  put  these  laws  in  the 
most  suitable  form,  and  apply  them  to  some  of  the  problems. 

First,  let  us  take  the  problem  of  how  to  climb  to  10,000  feet, 
or  some  other  given  altitude,  in  the  quickest  time.  The  first 
requirement  is  of  course  full  throttle.  Then  comes  the  question 
of  how  steeply  to  elevate  the  nose  of  the  airplane.  If  the  nose 
is  held  too  level,  the  machine  will  make  a  high  speed,  but  on  a 
nearly  level  course.  If  it  is  held  somewhat  steeper  the  course 
will  be  steeper,  but  the  speed  lower,  and  if  the  speed  is  too  much 
reduced  in  this  way  it  may  more  than  neutralize  the  effect  of  the 
steeper  course.  And  if  the  nose  is  held  too  steep,  the  course,  as 
a  matter  of  fact,  may  even  become  more  level  again,  as  illustrated 
in  Fig.  I.  The  first  question  is  how  to  tell  what  angle  of  elevation 
is  best,  and  the  second  is  whether,  in  practice,  to  identify  this 
angle  by  a  spirit  level,  the  horizon,  the  air  speed  meter,  the  "  feel 
of  the  ship,"  or  something  else. 

A  second  problem,  closely  related  to  the  above,  is  that  of 
climbing  out  of  a  small  field  where  there  is  danger  of  striking 
some  obstacle,  such  as  a  telegraph  wire  or  a  row  of  trees.  In 
such  a  case  it  is  sometimes  impossible  to  clear  the  obstacle  by 
climbing  at  the  ordinary  best  angle  of  elevation  but  just  possible 
to  do  so  by  "  zooming  "  ;  that  is,  by  holding  the  nose  level,  heading 
for  the  obstacle,  pcrhajis  ten  or  twenty  feet  below  the  toj),  and 
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then  elevating  the  nose  so  as  to  rise  very  steeply  over  the  obstacle, 
then  levelling  out  and  perhaps  dropping  below  it  on  the  other 
side,  as  indicated  in  Fig.  2.  Several  questions  arise  here,  such 
as:  why  does  this  trick  work;  does  it  always  pay;  if  it  works, 
why  is  it  not  a  good  way  to  begin  a  long  climb;  is  there  any 
danger  in  it;  and  why  do  you  fly  level  in  the  first  part  of  the 
process,  at  a  sacrifice  of  altitude,  rather  than  climb  as  long  as  you 
can  and  then  zoom  ? 

A  third  problem,  also  on  climbing,  arises  when  you  climb  out 
of  a  field  against  a  strong  wind  and  wish  to  turn  to  go  before 
the  wind.  If  you  "  turn  off  the  wind  "  within  a  few  hundred 
feet  of  the  ground,  the  airplane  is  often  very  unsteady  laterally 
during  the  turn,  and  sometimes  banks  up  so  suddenly  as  to  side- 
slip toward  the  ground.  This  is  the  cause  of  many  accidents, 
and  such  turns  should  be  avoided  if  possible.  An  explanation  of 
this  effect,  accepted  by  many  pilots,  is  as  follows:  "  If  you  climb 
at  an  air  speed  of  60  m.p.h.  against  a  wind  of  15,  your  ground 
speed  is  45.  If  now  you  turn  off  the  wind  your  air  speed  drops 
from  45  phis  15,  to  45  mimis  15,  and  you  drop  with  it."  Now 
this  explanation  is  not  only  contrary  to  the  most  fundamental 
principles  of  mechanics,  but  has  the  additional  disadvantage  that 
it  leads  to  wrong  conclusions.  From  it  one  would  infer  that  if 
you  could  make  a  turn  safely  once,  in  a  given  wind,  you  would 
be  safe  in  repeating  it,  whereas  you  are  not.  And  from  it  one 
would  infer  that  if  you  see  whether  you  get  any  instability  in  a 
given  turn  at  two  or  three  thousand  feet  altitude,  you  will  know 
what  to  expect  near  the  ground,  which  again  is  not  true,  because 
this  instability  fails  to  occur  except  near  the  ground.  The  ques- 
tion is.  What  is  the  true  explanation  and  how  will  you  avoid 
this  danger?  And  as  one  phase  of  this  question,  can  you  avoid  it 
by  "  skidding  "  your  turn,  as  shown  in  Fig.  3,  the  way  many 
pilots  do  in  such  cases,  and  if  you  try  this,  is  there  any  other  danger 
caused  by  skidding? 

As  a  fourth  problem,  let  us  consider  some  of  the  questions 
arising  in  landing.  For  example,  if  your  motor  stops  and  it  is 
doubtful  whether  you  can  reach  a  field  you  want  tO'  land  in,  how 
shall  you  tell  at  what  angle  to  hold  the  nose  of  the  ship  to  make 
the  flattest  glide?  And  what  effect  does  the  wind  have  on  your 
answer?  Or  if  your  landing  field  is  almost  directly  below  you, 
why  can  you  descend  faster  in  a  "  spiral  "  (or  more  exactly,  a 
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helix)  than  you  can  in  a  series  of  long  steep  glides,  without 
getting  an  excessive  air  speed?  Or  if  the  line  to  your  field  is 
steeper  than  you  care  to  glide,  why  can  you  shorten  your  glide  by 
turning  the  nose  from  side  to  side  with  the  rudder,  the  wings 
being  level,  and  making  a  series  of  short  "  skids  "  ?  And  is  there 
any  danger  in  this  process?    Or,  why,  under  such  circumstances, 
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can  you  get  the  same  result  by  banking  the  shij),  without  allowing 
it  to  turn,  and  sideslipping  steadily  toward  the  field?  Is  there 
any  danger  in  this?  And  why  is  sideslipping  preferable  to  skid- 
ding? And  is  it  better  to  come  out  of  the  sideslip  by  using  the 
rudder  or  the  ailerons?  And  if  great  accuracy  is  required  in  the 
length  of  your  glide,  is  it  safe  to  continue  a  sideslip  till  you  are 
very  near  the  ground?    And  if  y(Mi  apjiroach  the  ground  at  a  low 
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speed  in  an  ordinary  glide  and  try  to  level  off  for  a  landing,  why 
does  the  ship  refuse  to  change  its  course  as  fast  as  you  change 
the  elevation  of  the  nose,  and  settle  below  the  course  you  steer  for, 
often  landing  with  something  of  a  shock  unless  you  allow  for 
this  effect  ? 

A  fifth  type  of  problems  is  tliat  of  the  effects  of  gustS' — 
"  bumps,"  "  holes  in  the  air."  etc. — ^both  in  the  motions  of  the 
machine  and  in  the  strains  introduced  by  them. 

A  sixth  type  of  problem  is  connected  with  stability  and  in- 
cludes such  questions  as  these  :  At  what  speeds  is  a  ship  most  likely 
to  be  longitudinally  unstable,  and  does  every  ship  insist  on  diving 
if  the  speed  is  reduced  to  the  "  stalling  speed  "?  And  how  is  the 
longitudinal  stability  and  the  action  on  stalling  affected  by 
changes  in  the  position  of  the  load?  Why  does  the  ship  tend  to 
roll  easily  at  low  speeds  and  especially  on  stalling,  and  why  do 
the  ailerons  lose  their  effect  at  slow  speeds  and  actually  reverse  it 
at  a  speed  just  above  the  stalling  point?  And  why,  in  making  a 
turn  at  the  proper  angle  of  bank,  does  the  ship  tend  to  increase 
its  bank  and  have  to  be  held  from  doing  so  by  the  ailerons? 
Is  this  ever  a  source  of  danger?  And  in  rough  air  do  you  lose 
more  speed  by  allowing  the  ship  to  get  off  its  course  and  bringing 
it  back  at  your  leisure  or  by  constantly  watching  for  bumps  and 
correcting  them  quickly?  And  what  is  the  relation  of  the  mathe- 
matical theory  of  stability  to  practical  flying? 

Finally,  we  have  the  questions  of  acrobatics.  What  are  the 
various  "  stunts  "  and  why  do  certain  motions  of  the  controls 
produce  the  effects  they  do  ?  Why  should  all  controls  be  moved 
slowly  and  easily,  and  to  which  ones  does  this  rule  apply 
most  strongly? 

Now  these  questions  are  all  highly  practical  problems  on  the 
application  of  the  laws  of  physics,  and  every  good  pilot  must 
answer  all  of  them,  and  many  more,  except  perhaps  those  begin- 
ning with  "  why."  Three  important  general  questions  are,  there- 
fore: how  can  he  answer  them  without  knowing  physics;  what 
is  the  value  of  the  questions  beginning  with  "  why  ";  and  what 
is  lacking  in  our  text-book  physics  that  makes  it  of  little  value  in 
the  art  of  flying? 

The  answer  to  the  first  of  these  questions  is  this — by  long  prac- 
tice and  observation.  Hence  the  great  stress  laid  by  pilots  on  the 
number  of  "  hours  in  the  air  "  that  a  man  has  had.    There  are  so 
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many  of  these  questions  and  they  are  all  so  varied  by  minor  fac- 
tors, that  if  they  must  all  be  answered  by  this  empirical  method, 
very  many  hours  are  indeed  necessary.  But  with  the  cost  in  the 
neighborhood  of  a  dollar  per  minute,  this  is  not  the  ideal  method 
of  study.  Nor  is  it  free  from  danger,  though  it  must  be  remem- 
bered that  flying  is  far  from  the  dangerous  occupation  it  once 
was,  even  to  a  novice.  However,  anything  that  lengthens  the 
period  when  a  man  is  uncertain  as  to  what  will  happen  or  what 
to  do  next  is  unpleasant.  This  uncertainty  can  be  avoided  to 
some  extent  by  acquiring  a  rather  artificial  self-confidence  and 
habit  of  forming  very  positive  opinions,  and  the  result  is  positive 
action  in  any  case,  which  is  much  better  than  any  hesitancy  even 
if  it  is  not  the  best  action.  But  even  this  procedure  has  the  dis- 
advantage of  making  a  man  feel  like  the  "  King  of  the  Air,"  as 
one  pilot  expressed  it  to  me.  The  "  divine  right  of  kings  "  is  not 
so  popular  as  it  once  was,  and  abdications  are  usually  sudden. 

These  facts  answer  also  the  second  question,  on  the  value  of 
the  "  whys."  The  difference  between  empiricism  and  science  is 
the  existence  of  "  whys  "  in  science,  and  these  scientific  connec- 
tions between  facts  are  just  what  we  need  to  avoid  the  troubles 
just  mentioned. 

Now  as  to  the  third  question,  the  trouble  with  the  text- 
book physics.  On  the  problem  of  climbing  to  10,000  feet,  outlined 
first  in  the  above  collection,  the  text-book  methods  are  fairly 
good  and  the  principles  are  all  there.  We  have  merely  to  calculate 
the  power  available  at  any  given  air  speed  and  the  power  required 
by  resistance  and  subtract  to  get  the  power  used  against  gravity. 
This  can  be  done  on  the  ground,  if  the  data  are  available,  and 
the  best  air  speed  can  be  determined.  Or,  more  exactly,  it  can  be 
figured  approximately  and  we  can  make  sure  that  the  same  air- 
speed will  be  best  under  the  same  conditions  in  different  flights, 
and  use  a  value  determined  by  experiment.  As  to  what  instru- 
ment to  use  for  identifying  this  speed,  we  can  show  that  the  air 
specdmeter  is  best  because  its  reading  is  almost  the  same  for  the 
best  climbing  rate  under  many  different  conditions,  while  that  of 
the  spirit  level  is  not  so.  This  problem,  then,  is  one  that  can  be 
fairly  well  solved  by  the  text-book  methods.  The  problems  of 
navigation  likewise  come  in  this  class  and  on  such  problems  the 
navigating  instruments  including  the  airspeedmetcr.  are  invalu- 
able aids.      This   makes   these    instruments,    in    fact,   almost   as 
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important  as  the  tachomet'cr.  oil  gauge  and  thermometer  on 
which  the  pilot  depends  for  a  knowledge  of  the  conditions  of  his 
motor.     But  these  are  not  all  the  problems  of  flying. 

When  we  come  to  die  zooming  problem,  the  case  is  different. 
Conditions  are  more  complex,  and  there  are  not  only  more  major 
factors  in  the  problem,  such  as  the  distance  across  the  field,  the 
height  of  the  obstacle,  the  speeds  of  the  machine  and  the  wind, 
the  rates  of  climb  at  dift'erent  speeds,  the  forces  introduced  by  the 
accelerations  in  tlie  zoom,  and  others,  but  there  are  also  many 
minor  factors,  sucli  as  small  unexpected  irregularities  of  the 
ground  the  machine  runs  on,  gusts  of  wind,  etc.  And  above  all, 
there  is  no  time  to  figure  anything,  and  the  pilot  must  have  his 
eyes  outside  the  ship  and  not  on  any  instruments,  and  therefore 
can  have  no  numerical  data  to  figure  from,  as  well  as  no  time 
to  figure  with  even  the  simplest  formula,  and  no  simple  formula 
that  can  possibly  take  account  of  even  the  major  factors.  The 
neat  little  quantitative  problems  of  the  text-books,  with  exactly 
three  data  when  the  formula  calls  for  three,  and  the  formula 
only  two  pages  back,  are  poor  training  indeed  for  the  application 
of  physics  to  such  a  case  as  this.  But  the  result  must  be  none 
the  less  exact  for  lack  of  arithmetic,  and  the  pilot  must  know;  by 
intuitive  reasoning  in  a  few  seconds  the  answer  of  a  problem 
insoluble  by  arithmetic  in  a  few  hours,  and  know  it  better  than 
arithmetic  would  tell  him. 

In  all  the  other  problems  stated  above  the  case  is  the  same, 
and  one  of  them,  especially,  brings  out  another  point.  If  we 
apply  the  text-book  methods  to  the  problem  of  turning  off  the 
wind,  we  would  say  that  the  principle  of  relative  motion  would 
settle  it  at  once,  and  that  there  was  no  reason  at  all  why  a  turn 
off  the  wind  should  make  the  machine  act  diflferently  from  one 
turning  into  the  wind  at  the  same  air  speed,  the  ground  speeds 
only  being  different.  But  the  fact  is  that  the  difference,  if  you 
are  near  the  ground,  is  large  and  important,  and  this  difference 
is  due  to  what  seems  like  a  minor  factor.  Namely,  the  wind  is 
likely  to  form  rather  sharply  defined  layers,  of  different  speeds, 
the  higher  ones  moving  faster.  This  effect  has  been  known  to 
sailors  for  centuries.  In  this  case,  if  the  machine  is  banked  in 
the  turn  and  strikes  the  boundary  of  two  such  layers,  it  may 
easily  be  tipped  over  by  the  difference  of  speed  of  the  wind  on  the 
wings,  as  shown  in  Fig.  4.     This  explanation,  which  was  sug- 
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gested  to  me  by  Dr.  W.  J.  Humphreys,  accounts  perfectly  for  the 
observed  facts.  The  question  of  the  advisabihty  of  skidding  this 
turn  will  be  discussed  below.  The  point  of  importance  here  is 
the  grave  danger  of  following  the  usual  text-book  procedure, 
of  cutting  off  all  the  minor  factors  of  the  problem,  perhaps  with- 
out even  mentioning  them,  solving  a  much  simplified  numerical 
problem,  and  then  completely  forgetting  to  make  any  attempt  to 
find  how  the  minor  factors  would  modify  the  result.  It  has 
become  so  customary  to  consider  a  quantitative  answer  as  the  sure 
indication  of  rigorous  thinking,  that  we  sometimes  forget  that 
correct   qualitative   work    is    much    more    rigorous    than    incor- 
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Illustrating  forces  introduced  by  striking  different  wind  layers  in  turning  off  the  wind. 

rect  quantitative,  and  that  figures  can  lie,  in  spite  of  the 
proverb,  if  we  lie  to  them  first  about  the  data.  Even  if  truth 
were  not  the  raison  d'etre  of  rigor,  it  would  still  be  better  than  a 
mere  appearance  of  a  rigor  that  is  not  there. 

In  the  physics  of  flight,  then,  we  must  formulate  our  laws 
in  such  a  way  that  they  can  be  used  quickly  and  accurately,  with 
not  much  regard  for  the  possibility  of  numerical  work,  and  if 
possible  we  must  reduce  them  to  a  basis  either  of  familiar  funda- 
mental laws  of  mechanics  or  of  something  the  pilot  can  (|uickly 
verify  for  himself.  And  above  all  they  must  be  such  as  to  allow 
the  introduction  of  minor  factors  and  they  must  replace  the 
()uantitative  element  that  appears  in  engineering  as  arithmetic 
by  a  fine  sense  of  proportion  and  a  clear,  rigorously  correct,  though 
non-arithmetical,  analysis  of  the  problems. 
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FUNDAMENTAL    PRINCIPLES. 

The  supporting  forces  and  resistance  of  the  wings  depend 
on  the  flow  of  air  past  them,  and  if  the  character  of  this  flow  is 
understood  it  should  be  easy  for  the  pilot  to  understand  the 
behavior  of  the  machine.  Now  the  character  of  the  flow  is  itself 
easy  to  observe,  by  simply  tying  small  bits  of  tape  to  various 
parts  of  the  wires.  One  may  observe  the  directions  of  flow  from 
the  way  the  tapes  stand  out  in  the  wind,  and  thus  form  an  idea 
of  the  stream  lines.  And  on.e  may  see  differences  in  the  speed  of 
the  air  at  different  points  by  the  speed  of  fluttering  of  the  tapes. 
If  tapes  on  the  wires  do  not  satisfy  one's  curiosity,  the  observa- 
tions may  be  extended  by  rigging  sticks  in  other  places  with 
tapes  on  the  ends  of  long  nails  stuck  in  them. 


The  results  of  such  observations  depend  greatly  on  the  angle 
of  incidence,  or  angle  of  attack,  which  is  the  angle  between  the 
wing  chord  and  the  line  of  flight,  but  they  are  of  course  inde- 
pendent of  the  angle  of  either  line  to  the  horizontal. 

For  a  moderate  angle  of  attack,  such  as  we  would  use  in, 
climbing,  the  stream  lines  around  a  good  wing  are  approximately 
like  those  shown  in  Fig.  5.  If  we  define  a  normal  speed  to  be 
that  at  a  long  distance  away  from  the  wing,  we  find  a  higher 
speed  just  above  the  forward  part  of  the  wing  and  a  lower  speed 
just  below  it,  while  conditions  are  more  normal,  or  perhaps 
slightly  reversed,  near  the  trailing  edge.  This  is  as  we  might 
expect,  since  the  stream  lines  over  the  top  of  the  wing  must 
diverge  to  fill  the  space  over  the  trailing  edge,  and  those  below  the 
leading  edge  must  converge.  Now  we  may  estimate  the  pressures 
involved  in  either  of  two  ways.     One,  less  familiar  and  less  con- 
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vincing  to  the  novice,  is  by  Bernoulli's  theorem,  that  makes  the 
pressure  low  wherever  the  speed  is  high  in  a  stream  line  not 
exposed  to  friction.  This  means  suction  on  top  and  pressure 
below,  both  especially  strong  on  the  forward  part  of  the  wing. 
A  more  convincing  method  is  to  consider  the  centrifugal  effect 
due  to  the  curvature  of  the  stream  lines,  which  obviously  involves 
a  strong  suction  on  the  strongly  curved  part  of  the  upper  surface, 
and  a  fairly  good  pressure  on  the  forward  part  of  the  lower  one. 
This  looks  at  first  like  a  different  effect  from  Bernoulli's,  and 
as  though  we  should  add  the  two,  but  a  closer  examination  would 
show  that  Bernoulli's  principle,  in  the  restricted  form  given  above, 
refers  to  the  difference  in  pressure  at  points  along  a  stream  line, 
while  the  centrifugal  analysis  refers  to  a  difference  across  the 
stream  lines,  so  that  these  differences  are  not  in  such  positions 
as  to  be  added.  By  either  method  alone,  we  may  compute  the 
pressure  at  any  point  by  reference  to  the  pressure  at  points  very 
far  from  the  wing.  Another  fact  that  is  important,  illustrated 
in  Fig.  5,  is  that  the  stream  lines  ahead  of  the  wing  are  not  parallel 
to  the  line  of  flight,  but  inclined  distinctly  upward.  This  is  a 
point  on  which  I  have  taken  exact  measurements,  and  it  is  con- 
firmed by  experiments  of  other  observers.  According  to  my  meas- 
urements the  inclination  of  the  stream  lines  to  the  true  line  of 
flight,  at  one  chord  length  ahead  of  the  leading  edge  in  a  Curtiss 
JN4H  is  about  one-half  the  angle  of  incidence,  whatever  value 
that  angle  may  have.  That  is,  an  incidence  indicator  at  this 
point  always  reads  about  50  per  cent,  too  high.  The  explanation 
is  probably  that  the  downward  motion  of  the  air  behind  the 
wing  forces  an  upward  motion  ahead  and  on  the  sides.  The 
importance  of  it  to  us  is  that  it  increases  the  curvature  of  the 
lines  and  the  resulting  centrifugal  effects.  - 

Another  important  point  is  that  since  the  centrifugal  effect  f 

is  strongest  on  the  strongly  curved  part  of  the  upper  wing,  it 
is  important  to  have  most  of  this  curvature  occur  in  a  region 
where  the  normal  to  the  surface  is  inclined  forward  of  the  normal 
to  the  wing  chord,  as  it  is  in  the  forward  part  of  the  surface. 
Since  the  suction  is  normal  to  the  surface,  this  makes  the  strong- 
est suction  on  the  wing  have  a  distinct  forward  component,  thus 
balancing  much  of  the  backward  force  oft'ered  by  other  parts. 
This  accounts  for  the  superiority  of  wings  that  are  thickest  at  a 
point  well  forward  of  the  centre,  and  also  for  the  fact  that  the 
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resultant  force  is  inclined  forward  of  the  normal  to  the  chord 
as  shown  in  Fig^.  5,  although,  of  course,  it  is  back  of  the  normal 
to  the  line  of  tiight.  It  is  most  important  to  have  the  resultant 
force  inclined  backward  as  little  as  possible  because  it  is  the 
component  of  this  force  backward  along  the  line  of  flight  that 
makes  us  need  a  motor,  and  we  may  congratulate  ourselves  that 
in  spite  of  die  yielding  nature  of  the  air  this  component  may  be 
made  not  much  larger  than  if  the  machine  were  sliding  on  a 
greased  metal  surface.  The  component  upward,  perpendicular  to 
the  line  of  flight,  will  be  referred  to  hereafter  as  the  "  lift  "  and 
the  component  backward,  along  the  line  of  flight,  as  the  "  drag." 
As^the  angle  of  incidence  is  reduced  the  action  of  the  lower 
surface  is  obviously  weakened,  and  the  space  to  be  filled  by  the 
stream  over  the  upper  surface  is  reduced,  as  shown  in  Fig.  6.    At 

Fig.  6. 
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the  same  time  the  upward  motion  ahead  of  the  wing  is  reduced, 
and  a  downward  pressure  appears  on  a  narrow  region  near  the 
leading  edge,  where  the  air  is  deflected  upward  by  it.  The  result 
of  all  this  is  to  weaken  the  lift  and  to  a  less  extent  the  drag,  at  any 
given  speed,  and  also  to  shift  the  centre  of  pressure  back  along 
the  wing.  Now  the  weakened  lift  at  a  given  speed  means  that 
small  angles  of  attack  can  be  used  only  at  high  speeds,  and  the 
shift  of  the  centre  of  pressure  is  such  as  to  make  a  machine 
whose  speed  is  increased  tend  to  dive  and  increase  it  more.  This 
shift  of  the  centre  of  pressure  produces  a  tendency  to  longitudinal 
instability,  that  must  be  corrected  by  other  features  in  the  design. 
On  increasing  the  angle  of  incidence  above  a  moderate  amount, 
the  effects  are  at  first  practically  the  reverse  of  those  found  in 
reducing  it,  though  the  drag  soon  begins  to  increase  faster  than 
the  lift  and  the  centre  of  pressure  becomes  almost  stationary. 
But  at  a  certain  angle  the  space  above  the  back  of  the  wing  be- 
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comes  too  large  to  be  filled  by  the  stream  lines  over  the  top  without 
causing  a  suction  so  great  as  to  draw  air  in  from  other  regions, 
especially  from  the  crowded  stream  lines  just  below  the  trailing 
edge.  If  this  angle  is  approached  gradually  by  slowing  the 
machine,  and  you  have  a  piece  of  tape  on  a  wire  near  the  surface 
of  the  wing  at  the  foot  of  one  of  the  rear  struts,  you  can  see 
this  tape  cease  its  rapid  fluttering,  settle  for  an  instant  on  the 
surface  of  the  wing,  and  then  tie  itself  up  in  a  tangle,  showing 
the  formation  of  a  mass  of  eddies.  Just  as  this  happens,  the 
wing  loses  its  lift  and  the  machine  starts  to  fall.  At  the  same 
time  it  dives,  showing  that  the  centre  of  pressure  has  shifted  aft, 
and  the  loss  of  lift  was  mainly  on  the  forward  part  of  the  wing, 

Fig.  7. 
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where  the  tapes  are  still  fluttering  as  before.  The  explanation  is 
simple.  The  stream  lines  over  the  top  of  the  wing  no  longer 
have  to  fill  all  the  space  over  the  back,  and  have  lost  some  of  their 
speed  and  much  of  their  curvature,  as  shown  in  Fig.  7,  and 
much  of  their  centrifugal  eft'ect  is  lost.  Incidentally  as  the  forces 
on  the  wing*  due  to  these  stream  lines  had  a  forward  component 
as  well  as  an  upward  one,  their  loss  means  an  increase  of  drag 
as  well  as  a  decrease  of  lift.  This  behavior  of  the  wing  is  called 
stalling,  and  occurs  at  a  definite  angle  for  any  given  form  of  wing. 
For  the  forms  in  common  use  the  stalling  angles  are  between  13 
and  16  degrees.  On  increasing  the  angle  of  incidence  beyond  the 
stalling  angle,  the  mass  of  eddies  gets  thicker,  the  lift  decreases 
more,  while  the  drag  increases.  These  changes  may  be  followed 
easily  by  watching  the  tapes  on  the  wires. 
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The  most  noticeable  fact  about  the  motion  of  an  airplane  just 
before  it  stalls  is  the  lateral  instability  that  serves  as  a  warning  of 
the  stall.  This  lateral  instability  increases  during  the  stalling 
process  because,  if  either  wing  stalls  before  the  other,  it  drops 
down  and  holds  back  at  the  same  time,  thus  increasing  itsi  angle 
of  incidence  and  stalling  it  all  the  more.  If  this  process  is  allowed 
to  continue,  that  wing  will  remain  stalled  while  the  other  one 
keeps  its  normal  motion  through  the  air,  and  the  result  is  a  tail- 
spin.  In  fact,  the  tail-spin  may  be  distinguished  from  the  spin- 
ning nose-dive  by  the  fact  that  in  the  tail-spin  the  inner  wing  is 
stalled,  although  the  speed  of  the  machine  increases  to  consider- 
ably more  than  the  ordinary  stalling  speed.  An  important  point 
that  is  explained  readily  by  the  motion  of  the  air  over  the  wing 
is  the  reversal  of  the  action  of  the  ailerons  that  occurs  during  a 
stall.  If  the  aileron  of  a  stalled  wing  is  tipped  down  it  is  obvious 
that  the  eddies  over  the  back  of  the  wing  will  be  increased  and  the 
wing  stalled  even  more  than  before,  whereas  if  it  is  tipped  up 
the  wing  tends  to  recover  it's  normal  motion  through  the  air 
and  lifts  more  than  if  the  aileron  were  straight.  This  may  be 
seen  best  by  gliding  the  ship  almost  stalling  with  the  rudder 
straight  and  throwing  the  ailerons  hard  over.  She  will  then  spin 
in  a  direction  opposite  to  that  one  might  expect  if  the  ailerons 
acted  normally.     This  is  sometimes  called  an  "  aileron  spin." 

One  of  the  fundamental  characteristics  of  centrifugal  force  is 
its  proportionality  to  the  square  of  the  speed  of  the  body  it  acts 
on,  so  long  as  the  radius  of  the  path  is  the  same.  If,  then,  a  wing 
can  be  made  to  take  the  same  angle  of  incidence  at  different  speeds 
by  using  different  loads  on  it,  and  if  the  stream  lines  are  the  same 
in  lx»th  cases,  then  w-e  may  expect  the  forces  both  of  lift  and 
drag  to  vary  as  the  square  of  the  speed.  This,  in  fact,  is  what  they 
do.  This  law  of  the  square  of  the  speed  may  be  deduced  also 
from  the  analysis  by  Bernoulli's  principle,  or  by  the  theory  of 
dimensions,  a  branch  of  mathematics  that  is  much  neglected  by 
most  engineers  and  many  physicists,  but  very  useful  in  such  prob- 
lems as  this.  By  any  of  these  methods  we  may  likewise  show 
that  the  law  will  hold  only  if  the  shapes  of  the  stream  lines  are 
independent  of  the  speed.  Because  it  does  hold,  any  reasonable 
angle  of  incidence  can  be  used  in  steady  flight  with  any  load, 
provided  the  speed  is  properly  adjusted,  and  at  any  given  angle  of 
incidence  the  ratio  of  lift  to  drag  has  a  definite  value,  and  hence 
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the  drag  at  a  given  speed  is  calculable  from  the  load.  We  may 
therefore  plot  a  series  of  graphs  of  incidence  and  wing  drag 
against  air  speed  for  different  loads.     As  the  resistance  of  other 


Fig.  8. 
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parts  of  the  machine,  the  "  parasite  resistance,"  at  a  given  angle 
of  incidence,  is  also  proportional  to  the  square  of  the  speed,  we 
may  add  it  to  the  wing  drag,  and  plot  the  total  drag  against 
the  load  at  different  speeds.  The  form  of  the  resulting  graphs 
may  be  predicted  qualitatively  from  the  above  theory,  but  for 
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definiteness  we  shall  use  some  quantitative  data,  shown  in  Fig.  8. 
These  are  calculated  from  some  data  on  a  model  taken  by  Hun- 
saker  in  tlie  wind  tunnel  at  the  Massachusetts  Institute  of  Tech- 
nology and  published  in  the  Smithsonian  Miscellaneous  Collec- 
tions, vol.  62,  Nov.  5,  1916. 

SOLUTIONS   OF   CLIMBING   AND   LANDING  PROBLEMS. 

We  are  now  in  a  position  to  solve  at  once  many  of  our  climb- 
ing and  landing  problems.  Take  first  the  problem  of  a  slow 
landing,  where  the  observed  fact  is  that  if  you  level  out  for  a 
landing  from  a  slow  glide,  your  machine  settles  distinctly  below 
the  direction  you  steer  it  for,  and  may  land  with  a  shock  unless 
you  allow  for  this  settling.  As  a  slow  landing  is  required  in  any 
very  small  field,  it  is  of  some  importance  to  understand  the  nature 
of  this  phenomenon.  If  you  glide  slowly,  you  are  using  a  large 
angle  of  incidence,  perhaps  not  far  from  the  stalling  angle.  Now 
if  you  try  to  level  out,  you  introduce  an  upward  acceleration,  and 
(using  d'Alembert's  principle)  a  downward  centrifugal  force, 
thus  putting  an  extra  load  on  your  wings.  This,  according  to 
Fig.  8,  requires  a  change  of  angle  of  incidence  to  a  higher  value, 
and  hence  results  in  a  motion  of  the  machine  in  a  direction  below 
that  which  you  would  expect  it  to  take  if  you  were  not  looking 
for  such  a  change.  In  fact,  if  you  try  to  level  off  too  quickly 
from  a  glide  too  slow,  your  machine  may  even  stall  at  a  speed 
above  the  normal  stalling  speed  and  settle  much  quicker  than  you 
expect,  hence  landing  with  a  shock.  This  makes  it  somewhat 
unstable  laterally,  as  is  always  the  case  in  a  stall,  and  is  liable  to 
make  you  break  a  w'ing-skid. 

Another  problem  involving  an  angle  of  incidence  increased 
by  a  centrifugal  load,  is  that  of  the  "  spiral  "  glide.  In  such  a 
glide,  a  steep  descent  may  be  made  without  excessive  speed.  Here 
the  load  is  the  resultant  of  gravity  and  a  centrifugal  force  not 
vertical,  but  the  load  is  greater  than  if  gravity  alone  were  acting. 
Hence,  by  Fig.  8,  the  drag  is  greater.  It  is  this  increased  drag 
that  prevents  a  high  speed  on  the  steep  spiral  descent. 

A  more  difficult  problem  is  that  of  zooming  over  a  telegraph 
wire.  The  effect  observ'ed  is  that  if  you  climb  at  the  normal  best 
climbing  position  until  the  last  moment  and  then  zoom,  you  can 
not  gain  more  than  a  very  few  feet  in  the  zoom,  whereas  if  you  fly 
more  level  first,  at  a  sacrifice  of  initial  altitude,  you  can  some- 
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times  clear  a  point  perhaps  ten  feet  higher  than  by  the  first 
method.  Either  way  is  far  from  safe,  and  the  method  of  zooming 
is  not  always  the  best,  and  if  it  is  done  at  all,  the  nature  of  the 
trick  should  be  understood.  First,  if  you  climb  steadily  at  the 
best  speed,  you  pick  the  speed  where  the  difference  between  the 
power  available  and  the  power  required  is  a  maximum.  At  this 
speed  your  angle  of  incidence  is  about  6  to  8  degrees  in  most 
machines.  Now  suppose  you  zoom.  You  introduce  an  upward 
acceleration,  a  downward  centrifugal  force,  and  the  result  is  much 
like  that  of  the  problem  of  levelling  out  from  a  slow  glide.  Any 
attempt  to  zoom  high  under  these  conditions  is  sure  to  result  in  a 
stall.  But  if  you  fly  more  level  at  first,  and  gain  a  higher  speed, 
your  wings  can  lift  a  heavier  temporary  load  of  centrifugal  force 
and  you  can  zoom  higher.  Moreover,  when  you  clear  the  tele- 
graph wire  you  can  be  making  a  downward  curve,  thus  lightening 
your  wing  load  by  an  upward  centrifugal  force,  and  you  can  go  at 
a  speed  distinctly  lower  than  the  normal  stalling  speed  without 
stalling.  The  height  you  can  attain  is  determined  by  the  total 
energy  available  from  your  motor  in  the  flight  minus  the  loss 
due  to  the  drag  and  minus  the  kinetic  energy  at  the  top  of  the 
curve.  Hence  the  best  results  are  obtained  if  you  do  not  fly 
too  fast  at  first  and  lose  too  much  because  of  drag  at  that  time, 
but  fly  fast  enough  to  avoid  great  losses  due  to  drag  when  you 
carry  the  centrifugal  load,  and  if  you  reduce  your  speed  at  the  top 
to  the  lowest  value  you  dare  to  use.  With  regard  to  this  last 
point  it  may  be  noted  that  at  low  speeds  and  high  angles  of  inci- 
dence a  small  upward  gust  may  make  a  considerable  difference  in 
the  direction  of  the  relative  wind  and  even  cause  a  stall.  Thus, 
instead  of  supporting  you  more  than  still  air,  such  a  gust  may  have 
just  the  opposite  effect,  and  if  it  is  uneven  on  your  wings  it  may 
throw  you  into  a  spin. 

These  ix)ints  may  readily  be  tested  experimentally,  though  for 
obvious  reasons  a  small  fracto-cumulus  cloud  is  a  better  object 
for  the  experiments  than  a  telegraph  wire.  By  this  method,  or 
by  noticing  how  restricted  the  conditions  are  when  the  above 
theory  indicates  any  gain  by  zooming,  one  may  readily  prove  that 
under  many  circumstances  a  zoom  docs  more  harm  than  good, 
especially  if  the  obstacle  is  a  low  one  at  a  distance  too  short  to 
allow  the  machine  to  get  up  a  reasonable  speed  for  the  centrifugal 
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load  to  be  carried.  In  my  opinion,  much  of  the  z(K)ming'  that  is 
done  is  either  useless  or  worse. 

To  solve  the  problem  of  steep  descent  by  means  of  a  series 
of  skids  or  a  long,  steady  side  slip,  we  must  consider  several  fac- 
tors. One  is  the  obvious  increase  of  parasite  resistance  when  the 
fuselage  moves  along  any  line  but  its  axis;  another  is  the  effects 
of  the  eddies  due  to  the  side  motion  of  the  fuselage  in  reducing 
the  lift  of  the  wings  on  the  leeward  side,  and  a  third  is  the  in- 
creased "  end  effect  "  or  escape  of  air  past  the  ends  of  the  wings 
from  below,  and  converging  motion  of  the  air  above  the  ends. 
This  last  effect  is  an  obvious  result  of  the  increased  pressure 
below  the  wings  and  reduced  pressure  above  them  and  is  greater 
if  the  wing  is  shorter,  or  if  it  is  equivalent  to  a  shorter  wing  as 
in  a  side-slip.  As  all  these  effects  increase  with  increasing  angle  of 
the  line  of  flight  to  the  fuselage  they  can  be  used  to  give  a  readily 
adjustable  drag  and  make  it  possible  to  regulate  accurately  the 
length  of  the  glide.  As  the  side-slip  is  steadier  than  the  skids,  it 
is  easier  to  form  an  exact  idea  of  one's  course  by  this  means  and 
regulate  it  accordingly.  Incidentally,  we  may  notice  that  the 
same  considerations  serve  to  condemn  the  practice  of  side-slipping 
continuously  in  flying  across  the  direction  of  the  wind,  so  as  to 
neutralize  the  cross  component  of  the  wind.  The  wings  should 
be  level  and  the  course  changed  toward  the  wind. 

With  regard  to  the  possibility  of  danger  in  these  methods  of 
landing,  we  must  consider  only  what  happens  if  the  speed  is 
reduced  to  the  stalling  point.  Now  it  is  obvious  that  the  pres- 
ence of  eddies  from  the  fuselage  over  a  part  of  one  wing  tends 
to  make  it  easier  for  the  eddies  to  spread  on  it,  and  that  the  end 
effect  of  the  wing  that  is  to  leeward  (in  the  relative  wind)  is  such 
as  to  weaken  the  lifting  power  of  this  wing  especially.  More- 
over, on  account  of  its  weakened  lift,  as  well  as  other  factors  in 
most  designs,  the  ailerons  on  this  wing  must  be  turned  down  to 
hold  this  side  up,  and  the  ailerons  on  the  other  side  are  up.  All 
these  factors  combine  to  make  the  leeward  wing  stall  when  the 
windward  one  is  nowhere  near  the  stalling  point.  And  when  it 
does  stall,  with  the  other  wing  still  lifting  normally,  it  will  drop 
very  suddenly,  thereby  increasing  its  angle  of  incidence  still  more, 
while  the  increased  drag  on  it  makes  the  ship  spin  round.  The 
result  of  stalling  from  either  a  side-slip  or  a  skid  is  therefore  a 
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quick  tail-spin.  In  the  case  of  the  side-slip  the  leeward  wing  is 
the  upper  one,  and  it  falls  suddenly  below  the  other,  drops  back- 
ward and  becomes  the  inner  wing-  in  the  spin,  while  the  other 
one  keeps  its  low  angle  of  incidence  throughout  the  spin  and  does 
not  stall  at  all,  as  one  may  readily  prove  by  watching  the  tapes. 
In  the  case  of  the  skid,  the  inner  wing  in  the  skidded  turn  is  the 
leeward  one,  and  we  have  in  addition  to  the  other  factors  the 
difference  of  speed  of  the  two  wings.  The  drop  of  the  leeward 
wing  is  therefore  even  more  sudden  than  in  the  side-slip,  and  in 
fact,  forms  a  most  spectacular  trick  on  that  account.  Because 
of  it,  we  may  say  that  the  practice  of  skidding  to  shorten  a  glide 
is  not  to  be  recommended,  though  a  side-slip,  .if  not  made  at  too 
slow  a  speed,  is  quite  safe. 

As  to  the  question  of  whether  to  stop  the  side-slip  by  righting 
the  machine  with  the  ailerons  or  by  steering  into  the  direction  of 
the  relative  wind  with  the  rudder,  the  above  considerations  show 
that  the  former  method  would  mean  a  loss  of  speed  before  the 
slipping  stopped,  and  the  latter  is  the  safer  way. 

We  may  now  answer  the  questions  of  the  advisability  of  skid- 
ding a  turn  off  the  wind,  or  of  side-slipping  till  the  last  moment  in 
landing.  If  we  skid  the  turn  off  the  wind,  we  would  indeed  avoid 
putting  the  two  wings  into  different  wind  layers  if  the  layers 
were  flat  and  free  from  eddies.  But  this  is  too  much  to  expect  of 
them,  and  if  there  are  eddies  they  will  tend  to  throw  the  machine 
into  exactly  the  type  of  spin  that  it  tends  toward  because  of  the 
skidding.  This  practice  must  therefore  be  condemned  without 
qualification.  In  side-slipping  for  a  landing,  on  the  other  hand,  if 
we  do  meet  any  such  wind  layers  their  chief  result  will  be  to  level 
the  wings  and  reduce  the  amount  of  slip,  which  does  no  harm. 
But  as  these  are  not  the  only  types  of  irregular  winds  to  be  met 
near  the  ground,  the  air  speed  should  not  be  reduced  too  near 
the  danger  point.  As  a  French  officer  once  said  to  me,  "  The  first 
thing  in  aviation  is  to  fly.  To  fly  you  must  have  speed.  You 
fly  into  a  house  and  live.  You  lly  into  a  tree,  and  you  sit 
there  and  smoke  a  cigar.     But  you  .v/'//;  into  the  field,  and  vou  J 

are  killed."  ^ 

The  problems  on  the  effects  of  gusts  of  wind  need  not  detain 
us  long.  The  simple  questions  of  the  forces  and  accelerations 
when  a  gust  is  first  struck  are  matters  of  finding  the  changes  in 
the  speed  and  direction  of  the  relative  wind,  and  the  subsequent 
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motion  involves  stability  considerations.  The  matliematical 
treatment  of  these  has  been  given  in  detail  by  E.  B.  Wilson  on  the 
basis  of  the  stability  theory  of  Bryan  and  Bairstow,  and  even 
a  qualitative  treatment  would  be  too  long  to  insert  here.  One 
qualitative  point  that  is  of  interest  is  that  badly  disturbed  air, 
such  as  is  founcl  over  hot  sandy  country,  will  tend  to  make  the 
stream  lines  irregular  and  fluctuating,  and  produce  more  drag 
for  a  given  lift,  thereby  requiring  more  power  and  greatly  reduc- 
ing the  speed  and  climbing  power. 

THE    ELEMENTARY    THEORY    OF    STABILITY. 

The  theory  of  stability,  from  the  pilot's  point  of  view,  is  the 
answer  to  questions  of  this  type:  If  the  machine  is  flying  steadily 
and  is  disturbed  by  a  momentary  gust,  will  it  return  to  steady 
flight  if  I  hold  all  controls  fixed,  and  if  so,  how  soon?  Or  if  not, 
will  it  do  so  if  I  move  only  one  control,  the  others  being  fixed? 
And  which  one?  And  what  type  of  motions  will  occur?  And 
how  quickly  ought  the  machine  to  return,  if  it  does  so  at  all? 
There  is,  of  course,  also  the  question  of  whether  it  would  return 
to  normal  flight  with  the  ailerons  and  elevators  free  instead  of 
fixed,  as  some  machines  will.  In  machines  with  one  motor  the 
rudder  can  never  be  left  free,  because  the  secondary  effects  of 
the  propellor  torque  would  always  turn  the  machine  one  way,  so 
the  question  of  a  free  rudder  does  not  enter. 

Of  the  various  possible  arrangements  of  the  controls  and 
resulting  types  of  stability,  we  may  define  four  as  of  the  most 
practical  value  in  piloting,  as  follows : 

(a)  Longitudinal,  or  pitching,  stability.  If  a  machine  is 
made  to  pitch  slightly,  but  does  not  yaw  or  roll,  and  the  elevator  is 
then  held  neutral,  will  it  return  to  its  initial  elevation  of  the  nose, 
or  will  it  go  either  into  a  stall  or  a  dive? 

(b)  Directional,  or  yawing,  stability.  If  it  is  made  to  yaw 
slightly,  but  does  not  pitch,  and  the  ailerons  are  so  moved  as  to 
prevent  rolling,  and  the  rudder  is  then  held  in  the  position 
for  normal  flight,  will  it  stop  yawing  and  settle  down  to  a 
straight  course? 

(c)  Rolling  stability,  sometimes  called  "lateral"  stability 
If  it  is  made  to  roll  slightly  but  does  not  pitch,  and  the  ailerons 
are  then  held  neutral  while  the  rudder  is  so  moved  as  to  keep 
the  axis  of  the  ship  pointed  in  a  fixed  direction,  will  it  right  itself? 
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(d)  Complete  lateral  stability.  If  it  is  given  any  combination 
of  slight  rolling  and  yawing,  but  does  not  pitch,  and  both  the 
ailerons  and  rudder  are  then  held  in  positions  for  normal  flight, 
will  it  return  to  normal  flight? 

One  might  expect  at  first  that  rolling  and  yawing  stabilities, 
occurring  in  the  same  ship,  would  involve  complete  lateral  sta- 
bility, but  as  we  shall  see  below,  they  do  not.  It  is  assumed  in 
the  cjuestion  on  pitching  stability  that  the  machine  does  not  roll 
or  yaw,  and  in  the  others  that  it  does  not  pitch.  For  very  small 
motions,  this  involves  no  outside  interference,  but  for  motions 
not  very  small  there  is  usually  enough  connection  between  the 
types  of  motion  to  make  it  necessary  to  use  the  controls  to  pre- 
vent pitching  if  yawing  or  rolling  occurs,  and  if  large  amounts  of 
pitching  occur  the  controls  are  needed  to  prevent  the  other  motions. 

The  first  problem  is  qualitatively  simple.  As  noted  above, 
the  shift  of  the  centre  of  pressure  with  speed  is  such  as  to  pro- 
duce instability  in  pitching.  But  suppose  the  horizontal  tail  sur- 
face, or  "  stabilizer,"  is  large  and  set  at  a  zero  angle  of  incidence 
for  a  certain  condition  of  flight,  where  the  wings  have  a  reasonable 
positive  angle  and  the  centre  of  pressure  is  at  the  centre  of  gravity. 
As  the  stabilizer  is  far  back  of  the  centre  of  gravity,  it  will  act 
as  a  weather  vane  and  tend  to  hold  the  ship  to  this  angle  of  inci- 
dence, irrespective  of  its  speed.  Therefore,  if  the  speed  is  too 
high  for  normal  flight  with  this  angle,  the  machine  will  nose  up 
and  then  begin  to  lose  speed,  and  if  it  is  too  low,  the  reverse  effect 
takes  place,  the  machine  finally  settling  to  a  straight  course  at  the 
proper  speed  for  this  angle  of  incidence  and  the  proper  angle  of 
climb  or  glide  to  give  this  speed  with  the  available  engine  power. 
The  essential  point  is  to  have  the  tail  carry  little  or  no  load,  so 
that  it  will  tend  to  luring  the  ship  to  the  same  angle  of  incidence 
at  any  speed,  and  have  it  large  enough  to  do  this  in  spite  of  the 
shift  of  the  centre  of  pressure.  The  same  thing  could,  in  fact,  be 
accomplished  with  a  smaller  tail  set  at  a  negative  incidence,  but 
then  the  correction  of  any  deviation  from  a  normal  course  would 
be  too  quick,  and  gusts  near  the  ground  would  cause  danger  in 
landing.     A  large  tail  with  no  lift  gives  a  slower  correction  and  •., 

damps  out  any  oscillations  rather  better.  f 

With  such  a  tail,  a  momentary  pitching  disturbance  results 
in  a  combination  of  two  oscillations,  one  so  heavily  damped  as  to 
be  nothing  but  a  "  bump,"  and  the  other  a  long  slowly  damped 


May,  iqJO.]  ThE    PhYSICS    OF    FlIGHT.  575 

wave-like  course,  with  higher  speed  in  the  trough  of  the  waves 
and  lower  on  the  crests.  Lancliester  calls  this  long  oscillation  a 
"  phugoid."  and  in  1894  he  made  model  airplanes  that  he  called 
■'  aerodones,""  based  on  practically  the  theory  outlined  above,  and 
showed  that  they  were  longitudinally  stable  and  would  perform 
phugoids  if  left  to  themselves.  A  more  exact  mathematical 
tlieor}-  has  been  developed  by  Bryan  and  Bairstow,  as  a  fourth 
order  differential  equation,  describing  both  oscillations  and  also 
indicating  the  large  non-lifting  tail  as  the  condition  for  decreasing 
amplitude  in  the  phugoid. 

The  mathematical  theory  indicates  that  a  slight  phugoid 
motion  is  sometimes  stable  at  high  speeds  and  slightly  unstable 
at  low.  (See  Hunsaker,  "  Dynamical  Stability  of  Aeroplanes," 
Smithsonian  Miscellaneous  Collections,  1916.)  Practically,  how- 
ever, if  you  tr}-  to  hold  the  elevator  fixed,  by  hand,  the  order  of 
stability  often  seems  to  be  just  the  reverse.  The  explanation  of 
this  is  probably  that  you  do  not  really  hold  it  fixed.  The  greater 
rate  of  shift  of  the  centre  of  pressure  with  speed  at  high  speeds 
means  a  greater  rate  of  change  of  the  tail  load  if  the  elevator  is 
fixed.  Consequently,  the  lost  motion  and  elasticity  in  the  control 
wires  and  levers  and  in  your  muscles  probably  permits  enough 
motion  of  the  surfaces  in  response  to  this  changing  load  to  pro- 
duce the  apparent  instability.  In  a  ship  with  an  adjustable  "  sta- 
bilizer "  or  horizontal  tail  surface  in  front  of  the  elevator,  you 
find  the  stability  with  the  elevator  left  free  to  be  of  the  same  sort 
as  that  predicted  by  the  theory.  This  example  shows  the  impor- 
tance of  a  clear  and  definite  statement  of  the  conditions  of  the 
problem  if  a  definite  answ^er  is  desired,  and  the  importance  a 
minor  factor  may  sometimes  acquire. 

Yawing,  or  dirfectional,  stability  is  likewise  a  matter  of 
weathervane  action,  but  in  this  case  with  a  vertical  tail  fin  and 
rudder.  But  here,  as  we  do  not  have  any  strong  tendency  to 
instability,  like  the  shift  of  the  centre  of  pressure,  the  weathervane 
surface  can  be  made  smaller.  In  fact,  in  birds  it  is  not  even  pres- 
ent, being  made  up  by  the  freedom  of  motion  of  the  wings,  though 
the  horizontal  tail  surface  always  is  there.  The  motion  in  the  case 
of  a  momentary  yawing  disturbance  in  most  cases  is  a  single  type 
of  damped  oscillation,  of  a  period  of  5  or  10  seconds,  though  at 
the  stalling  speed,  as  noted  above,  all  lateral  stability  disappears. 
I  have  flown  machines  of  one  type  where  the  yawing  motion  was 
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not  oscillatxjry,  but  the  machine  would  continue  to  skid  indefinitely 
around  a  large  circle,  the  speed  of  skidding  neither  increasing  nor 
decreasing.  In  these  machines  the  rudder  and  vertical  fin  were 
unusually  small. 

To  give  rolling  stability  we  may  use  either  a  dihedral  angle 
between  the  wings,  retreating  wings,  or  high  vertical  fins,  as 
described  in  all  the  elementary  treatises  on  airplane  design.  In 
any  case,  whether  stability  exists  or  not,  the  first  rolling  motion 
is  damped  out  in  a  fraction  of  a  second  by  resistance.  This  we 
might  readily  predict  from  the  increased  angle  of  incidence  of  the 
wing  that  is  going  down  and  the  decreased  angle  of  the  other  one. 
This  leaves  the  ship  banked  up.  If  now,  as  we  assumed  above, 
the  rudder  is  used  to  prevent  yawing,  the  machine  will  side-slip 
downward  and  may  or  may  not  right  itself.  If  it  does,  it  will 
do  so  only  very  slowly,  because  of  the  great  resistance  to  rolling 
motion.  If  the  ship  is  excessively  stable  against  rolling  it  will 
right  itself  fast  enough  to  side-slip  further  and  then  come  back 
again,  making  a  damped  oscillation,  but  in  most  ships  the  motion 
is  dead  beat.  Whether  it  rights  itself  at  all  or  tips  further  from 
the  start,  the  rolling  is  always  slow.  Consequently,  rolling  insta- 
bility is  not  ordinarily  a  source  of  danger,  as  yawing  or  pitching 
might  be.  It  is,  however,  a  convenience  in  a  long  cross-country 
flight,  to  be  able  to  sit  back  with  your  hands  on  the  cowl  and 
steer  by  the  rudder  only,  as  you  can  in  a  ship  that  has  both  rolling 
and  pitching  stabilities  with  free  controls.  But  if  you  make  turns 
by  the  rudder  only,  as  one  may  infer  with  little  labor  from  the 
theory  above,  there  are  great  losses  of  energy  in  skidding  and  side- 
slipping. And  another  point  deducible  from  the  theory  is  that 
any  of  the  devices  for  securing  rolling  stability  mean  a  great 
increase  in  the  "  end  effect  "  on  the  wings  at  low  speeds,  and 
consequent  loss  of  climbing  power,  and  too  much  rolling  stability 
means  unsteady  motion  in  gusty  winds.  Many  recent  models  are 
therefore  almost  neutral  as  to  rolling. 

Now  let  us  consider  the  question  of  complete  lateral  stability. 
If  the  machine  is  disturbed  by  a  slight  yawing  motion  only,  the 
weathervane  action  of  the  fixed  rudder  will  tend  to  produce  the 
.same*  damped,  oscillation  that  it  would  with  the  wings  held  level, 
and  the  motion  will  not  differ  very  much  from  this.  The  only 
noticeable  difference  is  that  since  both  wings  must  lift  almost 
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exactly  the  same  (rolling  moment  of  inertia  being  small)  the 
wing  swinging  forAvard  will  take  a  smaller  angle  of  incidence 
than  the  other,  and  consequently  rise  during  the  forward  motion, 
while  the  other  drops.  The  peculiar  type  of  motion  described  here 
has  been  called  by  Hunsaker  the  "  Dutch  roll."  This  rolling 
motion  introduces  a  turning  moment  which  tends,  in  many  cases, 
to  retard  tlie  wing  with  the  smaller  incidence.  This  seems  strange 
at  first,  but  was  deduced  mathematically  by  E.  B.  Wilson,  and 
may  be  qualitatively  confirmed  from  the  theory  above  with  careful 
thought.  The  eft'ect,  however,  is  not  ordinarily  enough  to  make 
a  vers*  noticeable  change  in  the  period  of  oscillation,  though  it 
must  make  some.  The  ships  mentioned  above,  that  were  neutral 
as  to  pure  yawing,  seemed  to  be  slightly  stable  in  the  Dutch 
roll,  but  so  slightly  that  the  rudder  was  always  busy  in  rough  air 
and  many  pilots  regarded  them  as  liable  to  fall  into  a  spin.  This 
idea  was  not  justified,  but  the  continual  work  with  the  rudder 
was  annoying  at  times.  Now  the  Dutch  roll  may  be  called  a 
fundamental  type  of  motion,  like  the  phugoid,  because  all  the 
velocities,  yawing,  rolling  and  skidding,  decrease  in  the  same 
ratio  as  it  dies  out. 

Another  fundamental  type  of  motion  is  obtained  by  an  impul- 
sive motion  of  the  ailerons  and  rudder  to  cause  a  rolling  motion, 
with  a  slight  backward  motion  of  the  wing  that  goes  down.  This 
is  always  quickly  damped,  like  the  initial  motion  described  under 
the  heading  of  rolling  stability,  and  in  fact  so  quickly,  that  it  is 
hard  to  tell  what  ratio  of  rolling  to  yawing  constitutes  the  funda- 
mental type  in  question.    This  motion  is  never  oscillatory. 

Finally,  there  is  a  curious  spiral  motion,  consisting  of  a  long 
slow  turn  somewhat  overbanked,  with  a  steady  side-slip  toward 
the  centre.  In  this  it  is  most  difficult  to  get  stability,  or  decreas- 
ing disturbance  from  straight  flight,  because  of  two  factors  tend- 
ing to  increase  it.  One  of  these  is  the  greater  lifting  power  of 
the  wing  on  the  outer  side  of  the  turn,  due  to  its  greater  speed. 
In  a  steady  turn  this  wing  must  be  held  down  and  the  other  one 
up  by  the  use  of  the  ailerons.  But  with  the  ailerons  neutral  the 
outer  wing  must  tend  to  ri.se  unless  something  prevents  it.  Conse- 
quently, if  the  machine  is  turning  steadily  and  the  rudder  and  aile- 
rons are  put  in  the  neutral  positions,  the  outer  wing  will  begin 
to  rise.     The  machine  will  then  side-slip  toward  the  centre;  and 
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if  the  rudder  is  large  enough  to  produce  yawing  stabihty  it  will 
then  begin  to  yaw  faster  and  then  bank  up  faster  still.  ("  Yaw- 
ing "  means  any  turn  on  an  axis  set  vertically  with  respect  to  the 
ship,  and  does  not  necessarily  imply  oscillation  as  it  does  w^hen 
applied  to  a  sailboat.)  These  two  tendencies  work  together, 
therefore,  to  produce  spiral  instability.  But  if  the  machine  has 
rolling  stability  the  same  side-slip  that  produces  quicker  yawing 
will  also  tend  to  reduce  the  bank.  And  if  it  has  great  resistance 
to  yawing  due  to  vertical  surfaces  far  ahead  of  and  behind  the 
centre  of  gravity,  it  will  not  start  to  yaw  fast  in  obedience  to  a 
given  side-slip.  Bryan's  fourth  order  differential  equation  for 
complete  lateral  motions  predicts  all  the  three  fundamental  types 
of  motion  just  discussed.  In  it  the  criterion  for  spiral  stability 
appears  as  the  difference  between  two  products,  each  of  two 
"  resistance  derivatives."  The  two  resistance  derivatives  in  one 
product  express  the  rolling  moment  due  to  yawing  and  the  yaw- ing 
moment  due  to  side-slip,  and  the  two  in  the  other  express  the 
rolling  moment  due  to  side-slip  and  the  yawing  moment  due  to 
yawing  (the  last,  of  course,  being  a  damping  coefficient  of  yawing,^ 
and  therefore  negative).  The  theory  therefore  predicts  exactly 
the  type  of  performance  observed  in  the  air  and  qualitatively 
explained  by  these  simpler  considerations,  and  indicates  the  same 
conditions  for  stability. 

As  a  matter  of  fact  spiral  instability,  like  rolling,  produces 
only  a  slow  growth  in  the  motion  involved  unless  the  ship  is  of  an 
extremely  bad  design,  and  it  is  therefore  not  worth  sacrificing 
much  else  to  correct.  It  is  less  important,  for  example,  than  the 
Dutch  roll.  The  ships  I  spoke  of  above  that  were  neutral  as  to 
yawing,  with  the  wings  held  level,  were  also  spirally  neutral,  and 
with  all  controls  neutral  they  would  circle  indefmitely,  side- 
slipping inward  continuously.  Some  others  that  I  have  tried 
would  do  the  same  and  have  yawing  stability,  but  many  modek 
with  stability  for  both  rolling  and  yawing  are  spirally  unstable, 
and  true  spiral  stability  is  very  hard  to  obtain  without  too  much 
of  the  same  sacrifices  that  must  be  made   for  rolling  stability. 

CONCLUSIONS. 

The  factors  involved  in  these  cjualitative  stability  considera- 
tions are  not  esj)ecially  complicated,  and  are  practically  the  chief 
factors  that  must  be  determined  quantitatively  in  designing  an 
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airplane  according  to  the  mathematical  theory.  As  a  matter  of 
practical  piloting,  the  chief  value  of  the  study  of  these  points  is  in 
the  fact  that  if  the  pilot  understands  why  the  machine  performs 
the  motions  it  does  under  these  definitely  specified  conditions,  and 
has  picked  out  the  factors  involved  in  each  and  analyzed  them 
carefully,  he  will  know  how  to  recognize  their  action  in  other 
cases,  to  correct  them  if  necessary  and  to  use  them  if  possible, 
and  the  actions  of  the  airplane  will  cease  to  be  those  of  a  capricious 
animal,  and  become  as  reasonable  as  anyone  can  wash  them  to  be. 
To  attain  this  understanding  it  is  not  necessary  to  go  into  all  the 
details  of  the  algebraic  statements  of  tliese  law^s,  but  it  is  necessary 
to  keep  the  fundamental  principles  of  the  wind  forces  in  mind, 
and  above  all  it  is  necessary  to  state  definitely  and  rigorously  the 
conditions  of  each  problem  and  the  factors  involved  in  it. 

In  the  study  of  the  theory  of  acrobatics  the  problems  are 
of  a  very  similar  nature,  the  chief  additional  factor  being  the 
changed  character  of  the  forces  introduced  when  one  wing  is 
stalled  and  the  other  not.  as  in  the  tailspin.  A  detailed  discussion 
of  acrobatics  is  hardly  necessary  here,  as  no  new  principles  or 
methods  are  involved  and  the  chief  object  of  this  work  is  to  point 
out  the  necessity  for  the  type  of  analysis  of  the  fundamental 
principles  that  is  outlined  above  and  the  great  need  for  rigorous 
thinking  without  arithmetic. 

By  this  I  do  not  mean  to  say  that  arithmetic  has  no  place 
at  all  in  flight,  because,  as  noted  above,  the  problems  of  navigation 
and  long  climbs  involve  its  use,  although  even  here  I  should  say 
that  only  the  simplest  approximate  rules  are  of  much  real  value. 
Nor  do  I  mean  to  imply  that  instruments  for  quantitative  meas- 
urement have  no  use.  In  fact,  I  have  spent  many  hours  in  the 
air  experimenting  on  such  instruments  and  am  fully  convinced 
that  they  can  be  of  the  greatest  aid  in  problems  of  navigation  and 
long  climbs  as  well  as  in  showing  motor  trouble  in  advance.  But 
these  problems  are  emphasized  enough  in  the  treatises  on  air- 
plane design,  and  here  I  am  concerned  with  the  qualitative  prob- 
lems that  are  of  at  least  as  much  importance,  if  not  more. 

They  are  a  type  of  work  that  is  sadly  lacking  in  our  physics 
text-books  and  courses,  and  consequently  in  the  students.  We 
try  to  cover  so  many  topics  in  our  courses  that  the  student  and 
even  the  teacher  are  almost  driven  to  clutch  at  a  formula  like 
the  proverbial  drowning  man,  and  with  much  the  same  result. 
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If  physics  is  the  study  of  inanimate  things,  then  it  is  the  study  of 
things,  and  not  of  numbers;  and  if  things  choose  not  to  lend 
themselves  to  numerical  analysis,  that  does  not  mean  they  are 
not  worth  studying.  And  airplanes,  as  noted  at  the  beginning  of 
this  paper,  are  not  the  only  inanimate  things  that  sometimes  make 
this  choice.  If  things  as  they  are  can  be  understood  best  by 
correct  analyses  of  a  few  typical  subjects,  quantitatively  where 
things  lend  themselves  to  quantitative  work,  and  qualitatively 
but  rigorously  elsewhere,  then  let  us  change  our  courses  to  make 
such  analyses. 


Caking  of  Salts. — This  phenomenon  has  been  studied  by  T. 
Martin  Lowry  (Chemical  Trade  Journal  and  Chemical  Engineer, 
1920,  Ixvi,  297-298).  Marked  caking  of  ammonium  nitrate  may 
occur  when  the  crystals  are  dried  in  a  commercial  drier,  or  when 
the  molten  salt  containing  a  small  per  cent,  of  moisture  is  poured 
at  a  temperature  slightly  above  the  melting  point  of  the  dry  salt ; 
distinct  caking  may  take  place  if  the  milled  salt  be  left  under 
slight  pressure  all  night.  A  change  in  the  crystalline  form  of  the 
salt  liberates  inclosed  moisture  which  then  cements  the  tiny  par- 
ticles. Mechanical  disintegration  may  liberate  moisture  and 
thereby  produce  caking,  but  to  a  lesser  extent.  In  an  edge- 
runner  mill,  the  moisture  evaporates  as  rapidly  as  it  is  released 
by  milling,  and  therefore  has  but  slight  effect ;  consequently,  seri- 
ous caking  does  not  occur.  The  following  compounds  may 
undergo  caking:  Sodium  nitrate,  potassium  nitrate,  cupric  ni- 
trate, ])otassium  chlorate,  potassium  perchlorate,  potash  alum, 
Rochelle  salt,  soda  ash,  common  salt,  borax,  sodium  sulphite, 
sodium  hydrosmphite,  sodium  phosphate,  citric  acid,  and  tartaric 
acid.  Certain  directions  are  given  for  the  prevention  of  caking: 
"  Care  should  be  taken  to  reduce  to  a  minimum  the  number  and 
amount  of  soluble  impurities ;  when  possible,  the  substance 
should  be  left  in  large  crystals,  as  the  fewer  the  number  of  points 
of  contact,  the  smaller  will  be  the  tendency  for  the  material  to 
bind  together;  when  a  finer  product  is  required  the  most  satis- 
factory way  of  supplying  it  is  in  minute  unground  crystals ; 
when  a  substance  is  specially  required  in  a  finely  powdered  form, 
there  should  be  careful  drying,  with  agitation  after  grinding ;  as 
far  as  possible  the  drying  should  be  carried  out  at  low  tempera- 
tures;  substances  should  not  be  packed  hot  unless  all  traces  of 
moisture  have  been  removed ;  steps  should  be  taken  to  maintain 
a  dry  atmosphere  during  jmcking;  care  should  be  taken  to  pre- 
vent access  of  moisture  to  the  substance  after  packing;  and  cak- 
ing may  be  minimized  by  keeping  the  tein]ierature  as  constant 
as  possible  during  storage  "  J.  S.  H. 
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Chief  of  Construction  Division,  War  Department,  Washington,  D.  C. 

The  subject  upon  which  I  am  invited  to  address  you  this 
evening  is  the  work  of  the  Construction  Division  of  the  Army 
during  the  World  War.  This  is  a  subject  so  far  reaching  in 
extent,  embracing  so  many  angles,  and  of  such  large  significance, 
that  I  have  devoted  considerable  thought  to  what  phase  of  it  I  had 
best  take  up  and  what  method  of  approach  I  should  employ.  In 
view  of  the  fact  that  in  i8  months  the  Construction  Division  com- 
pleted or  had  under  way  581  construction  operations,  located  in 
every  state  of  the  Union,  except  Nevada,  involving  an  expenditure 
of  more  than  twelve  hundred  million  dollars,  it  is  manifestly 
impossible  to  give  any  detailed  resume  of  its  operations,  for  its 
accomplishment  is  too  vast  to  be  made  intelligible  by  the  mere 
recital  of  statistics,  and  the  spirit  of  its  men  and  their  remarkable 
teamwork  is  too  elusive  for  the  camera  to  record.  Neither  figures 
nor  photographs  can  adequately  tell  its  story. 

The  Construction  Division  of  the  Army  is  an  independent 
staff  corps.  It  has  no  relation  to  the  Quartermaster  Corps,  nor 
to  the  Corps  of  Engineers,  with  both  of  which  it  is  sometimes 
confused  in  the  mind  of  the  public.  It  is  a  separate  entity, 
which  had  its  genesis  in  the  Construction  and  Repair  Department 
of  the  Quartermaster  General's  Office.  This  small  subdivision, 
before  the  w-ar,  was  charged  with  the  construction  and  repair 
work  at  the  Regular  Army  Posts.  In  no  year  did  it  expend  more 
than  15  million  dollars.  In  1916  it  had  prepared  typical  plans 
for  temporary  mobilization  camps  in  view  of  possible  trouble 
along  the  ^^lexican  Border,  but  nothing  had  been  done  in  antici- 
pation of  the  extensive  requirements  made  necessary  by  our  entry 
into  the  World  War. 

Upon  the  declaration  of  war  the  immediate  problem  con- 

*  Presented  at  the  joint  meeting  of  the  Institute  and  the  Philadelphia 
Association  of  Members,  American  Society  of  Civil  Engineers,  held  Wednes- 
day, December  17,  1919,  by  Col.  G.  R.  Solomon,  Officer  in  Charge  of  Engineering 
Branch,  Construction  Division,  U.  S.  Army. 
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fronting  this  Government  was  that  of  raising  an  army  of  milHons 
and  of  providing  accommodations  for  its  housing  and  training. 
In  the  Regular  Army  Posts,  scattered  throughout  the  country, 
there  was  accommodation  for  less  than  100,000  men  in  small  iso- 
lated posts,  totally  inadequate  for  the  training  of  men,  in 
large  groups.  The  task  of  providing  camps  and  cantonments 
ready  to  receive  the  citizen  soldiery  as  soon  as  it  could  be  called 
to  the  colors  was  assigned  to  Colonel  I.  W.  Littell,  who  was 
relieved  of  his  duties  as  Chief  of  the  Construction  and  Repair 
Division  of  the  Quartermaster  General's  Office  and  placed  in 
charge  of  the  Cantonment  Division.  From  this  small  beginning, 
with  its  force  of  three  officers  and  less  than  30  civilian  assistants, 
there  was  developed  the  Construction  Division  of  the  Army.  Its 
personnel  was  recruited  almost  entirely  from  civilian  experts. 
Engineers,  architects,  construction  men,  material  men,  auditors 
and  contractors  were  called  to  Washington  and  commissioned  for 
a  definite  service.  Every  man  was  a  picked  man  and  his  ability 
and  reputation  personally  known  to  at  least  two  members  of  the 
rapidly  growing  organization.  At  the  signing  of  the  Armistice 
there  were  1429  commissioned  officers  in  the  Division,  of  whom 
less  than  a  half  dozen  were  officers  of  the  Regular  x\riuy,  and 
the  civilian  personnel  totalled  over  30,000  employees,  and  there 
had  been  employed  on  its  projects  more  than  427,000  laborers. 

With  the  growth  of  the  Division  came  increased  responsibil- 
ity. Before  the  construction  of  the  sixteen  original  army  canton- 
ments was  well  under  way,  the  Division  was  directed  to  construct 
within  two  months'  time  sixteen  additional  tent  camps  for  the 
National  Guard,  with  a  capacity  of  684,000  men.  Before  any  of 
these  were  completed,  orders  were  received  to  build  a  Quarter- 
master training  camp  at  Jacksonville,  Florida,  and  ports  of  em- 
barkation in  the  vicinity  of  New  York,  Norfolk  and  Charleston, 
so  that  the  men  when  trained  could  be  readily  shipped  to  France. 

On  October  5,  19 17.  the  Secretary  of  War  directed  that  all  con- 
struction work  for  the  Army  within  the  United  States  shcnild  l)e 
performed  by  the  Construction  Division.  Under  this  order, 
work  was  done  for  every  division  and  bureau  of  the  War  De- 
partment, involving  every  class  of  engineering  construction,  and 
costing  more  than  10  per  cent,  of  the  total  expenditures  made 
by  this  country  for  war.  I^>ecause  of  the  spectacular  performance 
in  connection  with  the  construction  of  the  camps  and  the  publicity 
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g-iven  them  l)v  reason  of  their  occupancy  by  men  from  all  parts 
oi  the  coinitry.  they  are  thought  by  the  public  generally  to  be 
the  principal  work  done  by  the  Construction  Division.  In  matter 
of  fact,  their  cost  represents  less  than  half  of  the  total  sum  spent 
by  the  Division.  In  addition  to  housing  accommodations  for  more 
than  two  million  men,  this  Division  built  arsenals,  storage  depots, 
industrial  plants,  gas  plants,  proving  grounds  and  other  such 
projects  for  the  Ordnance  Department ;  hospitals,  with  a  capacity 
of  more  than  121,000  beds,  for  the  Medical  Department;  huge 
interior  storage  depots  similar  to  the  one  in  this  city,  and  port 
terminals  at  Boston,  Brooklyn,  Norfolk,  Charleston  and  New 
Orleans,  for  the  Quartermaster  Department ;  warehouses  and 
flying  fields  for  the  Signal  Corps  and  the  Division  of  Military 
Aeronautics ;  mechanical  repair  shops  for  the  assembling  and 
repair  of  automobiles  and  trucks  for  the  Motor  Transport  Corps ; 
and  embarkation  and  debarkation  facilities  for  the  Transpor- 
tation Service. 

A  body  of  tremendous  assistance  to  the  Construction  Division, 
especially  in  the  early  days  of  the  war,  was  the  Emergency  Con- 
struction Committee  of  the  Council  of  National  Defense.  Under 
the  chairmanship  of  Mr.  W.  A.  Starrett,  of  New  York,  later 
commissioned  Colonel;  Mr.  Frederick  Law  Olmstead,  of  Boston; 
:Mr.  C.  W.  Lundorf,  of  Cleveland;  Mr.  M.  C.  Tuttle,  of  Boston, 
and  Major  William  Kelley,  of  the  United  States  Army,  this  com- 
mittee laid  down  many  of  the  fundamental  policies  for  handling 
construction  work.  It  was  a  "  Ways  and  Means  Committee," 
whose  counsel  was  sought  and  valued.  It  was  in  part  responsible 
for  the  wise  decision  to  utilize  every  available  construction  agency 
which  had  been  perfected  by  years  of  commercial  competition,  as 
a  part  of  the  working  machinery  of  the  Construction  Division. 
By  utilizing  the  large  contracting-  firms  of  the  country  and  their 
efficient  organizations,  it  was  possible  to  keep  their  trained  per- 
sonnel intact  and  to  make  available  to  the  Government  their  experi- 
ence and  talent.  There  was  the  additional  consideration  of  the 
necessity  for  stabilizing  the  economic  and  business  life  of  the 
country  and  carrying  these  organizations  through  the  period  of 
war,  rather  than  disrupt  and  destroy  them  by  trying  to  organize 
their  employees  under  direct  Government  control.  The  same  policy 
was  extended  to  include  the  consulting  engineer,  and  on  each  large 
project  there  was  employed  an  experienced  engineer  of  national 
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reputation  who,  with  his  organization,  took  the  fundamental  plans 
supplied  by  the  Washington  office  and  adapted  them  to  meet  the 
local  requirements  of  his  job. 

Having  determined  to  use  existing  engineering  and  contract- 
ing firms,  it  became  necessary  to  formulate  a  contract  which 
would  short-cut  the  peace-time  red  tape  and  procedure  of  the  War 
Department  and  make  it  possible  to  get  immediate  action  and 
quick  results,  at  the  same  time  relieving  the  contractor  of  many 
of  the  hazards  growing  out  of  the  war  which  he  would  incur 
under  a  lump  sum  form  of  contract,  but  still  protecting  to  the 
fullest  possible  degree  the  Government's  interests.  A  number 
of  well-established  methods  were  considered  and  discarded;  the 
lump  sum  contract,  the  lump  sum  contract  with  cost  plus  for 
changes  and  additions,  the  agency  form  of  contract,  and  the  unit 
price  form  of  contract  were  all  open  to  serious  objection.  They 
were  not  flexible  enough  to  permit  the  changes  in  plan,  the  increase 
in  size  and  scope  of  the  work  and  the  modifications  in  the  type  of 
construction,  which  it  was  known,  would  have  to  be  made  to  meet 
the  new  and  ever-changing  requirements  developed  by  experience 
at  the  front. 

In  no  case  when  a  construction  projett  was  begun,  w^as 
the  completed  project  clearly  delineated  or  its  final  require- 
ments known.  I  have  in  mind  one  job,  which,  when  begun,  was 
planned  as  a  small  project,  costing  a  quarter  of  a  million  dollars, 
and  which,  before  it  was  completed,  was  expanded  a  hundred 
fold  and  cost  twenty-five  million  dollars.  This  is  an  extreme 
case,  but  the  principle  held  good  throughout  all  the  w^ork  which 
the  Construction  Division  did,  and  both  its  engineering  and 
administrative  organization,  as  well  as  its  construction  forces, 
had  to  be  organized  and  made  flexible  enough  to  immediately 
adjust  themselves  to  any  change  in  requirements  which  new 
developments  in  the  science  of  warfare  might  impose. 

Twice  the  cantonment  plans  had  to  be  materially  altered  after 
construction  was  well  under  way.  First,  because  the  regimental 
units  and  company  fjuarters  were  laid  out  to  fit  the  American  Army 
organization  as  it  existed  previous  to  the  war.  General  Pershing 
did  not  arrive  in  Europe  until  June  15,  191 7.  He  immediately 
found  that  the  experience  of  both  the  British  and  French  Armies 
had  demonstrated  that  a  com])any  of  250  men  was  a  more  conven- 
ient size  for  trench  warfare  than  the  smaller  150-man  company 
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of  the  American  Army,  and  the  plans  for  the  barracks  buildings 
and  regimental  areas  were  changed  accordingly.  Again  experi- 
ence demonstrated  that  the  health  of  the  troops  might  be  put  in 
jeopardy  by  overcrowding  and  for  that  reason  the  Surgeon 
General  revised  his  plans  and  required  that  at  least  500  cubic  feet 
of  air  space  be  provided  in  barracks  and  quarters  for  each  man 
housed  therein.  To  provide  for  such  contingencies  as  these  the 
contract  for  construction  had  to  be  of  the  utmost  flexibility.  The 
main  point  was  to  get  started  and  get  started  immediately  with  the 
possibility  of  developing  the  details  of  the  project  as  its  require- 
ments became  more  and  more  definite. 

Due  to  the  urgent  necessity  for  speedy  completion  of  the 
work,  there  was  no  time  for  drawing  up  detailed  plans  and  specifi- 
cations had  it  been  practicable  to  make  them.  The  job  had  to  be 
finished  in  less  time  than  it  ordinarily  took  to  prepare  plans.  The 
creation  of  a  field  organization,  the  drawing  of  plans,  the  procure- 
ment of  the  materials,  the  engineering  work  at  the  site  and  the 
actual  building  construction  all  had  to  go  hand  in  hand  and  all 
had  to  be  begun  immediately.  The  only  form  of  contract  which 
would  permit  this  method  of  procedure  was  the  one  adopted.  It 
is  generally  called,  in  the  War  Department,  the  Emergency  Form 
of  contract.  A  more  descriptive  name,  though  perhaps  a  cum- 
bersome one,  is  "  the  cost  of  the  work  with  a  sliding  scale  of  per- 
centage, limited  by  a  fixed  fee."  Its  critics  have,  since  the 
Armistice,  tried  to  discredit  it  by  calling  it  the  "  cost  plus  10  per 
cent,  contract."  This  is  indeed  a  misnomer  for  only  on  the 
smallest  jobs,  totalling  less  than  $100,000  in  cost,  and  prior  to 
Octol)er,  191 7,  was  a  10  per  cent,  fee  paid.  (After  this 
date  a  fee  of  7  per  cent,  was  the  maximum  fee  paid.)  On 
the  greater  portion  of  the  work  not  more  than  4  per  cent. 
or  5  per  cent,  was  paid  the  contractor. 

Briefly  stated,  the  contractor  was  reimbursed  for  the  actual 
cost  of  the  project,  plus  a  percentage  fee  for  the  services  of  his 
organization.  This  fee  grew  less  and  less  as  the  cost  of  the  job 
increased,  until  the  maximum  limit  of  $250,000  was  reached,  after 
which  no  more  fee  was  paid,  regardless  of  the  size  of  the  job.  The 
plan  worked  well.  Where  a  job  was  estimated  at  the  time  the 
work  was  started  to  cost  $100,000  the  contractor  might  receive  a 
maximum  fee  of  $10,000;  if  it  cost  less  than  the  estimate,  he 
received  10  per  cent,  of  the  actual  expense;  if  it  cost  more  than 
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the  $100,000  estimate,  he  received  only  the  $10,000;  on  work  esti- 
mated to  cost  $250,000  a  fee  of  8  per  cent,  was  the  maximum 
allowed  and  so  on  down,  until  the  percentage  fee  on  a  three  and  a 
half  million  dollar  contract  was  6  per  cent.  At  the  time  each  job 
was  authorized  an  upset  fee  was  fixed,  based  on  the  estimated  cost, 
beyond  which  the  contractor  would  not  be  paid.  The  contract 
definitely  provided  that  in  no  case  should  the  total  fee  paid  on  any 
job,  regardless  of  its  size,  -exceed  $250,000.  In  this  way  a  con- 
tractor might  receive  a  $250,000  fee  on  a  job  costing  $5,000,000, 
but  he  would  receive  no  more  than  $250,000  if  his  job  cost  twenty 
million  dollars. 

After  the  contractor  had  paid  out  of  this  fee  the  cost  of  his 
main  office  and  the  salaries  and  expenses  of  the  members  of  his 
firm  engaged  on  the  work,  his  surety  bonds  and  the  interest  on 
the  capital  required  to  finance  his  job,  only  a  small  part  of  his 
gross  fee  remained  as  net  profit.  On  the  sixteen  National  Army 
cantonments  the  gross  fee  paid  to  the  contractor  ran  between 
2  and  3  per  cent,  of  the  cost  of  the  work.'  On  some  of  the  larger 
jobs,  because  of  the  $250,000  maximum  limit,  it  was  not  more 
than  I  per  cent.,  whereas  had  these  projects  been  let  on  a  lump 
sum  basis,  under  the  hazard  of  war-time  construction,  the  con- 
tractor would  have  been  obliged  to  add  from  10  to  25  per  cent, 
to  his  estimate  of  cost  to  cover  his  profit  and  his  contingencies.  A 
criticism  of  this  form  of  contract  generally  implies  a  lack  of  appre- 
ciation of  the  conditions  under  which  this  work  had  to  be  done. 
The  fixing  of  an  upset  fee  on  each  job.  regardless  of  its  size, 
beyond  which  the  fee  paid  to  the  contractor  could  not  go,  had  a 
tendency  to  check  extravagancies  or  any  desire  to  prolong  the  job. 
It  was  to  the  decided  interest  of  the  contractor  to  finish  his  work 
in  the  shortest  possible  time,  to  do  it  as  cheaply  as  he  possibly 
could  and  thereby  establish  his  reputation  for  good  work  and 
thus  win  favorable  consideration  for  additional  work. 

This  contract  has  stood  successfully  against  every  assault  and 
there  has  never  been  a  successful  refutation  of  the  form  used  as 
protecting  the  interest  of  the  Government  and  allowing  the  utmost 
flexibility  and  freedom  of  action.  It  nuist  not  l)e  confused  with 
an  ordinary  cost-plus-a-percentage  contract,  under  which  the 
more  the  job  costs  the  more  the  contractor  receives,  for  it  was 
far  from  such. 

The  Secretary  of  War  appointed  a  connnittee,  including  the 
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Presidents  of  the  National  Kng-ineering  Societies,  the  Chamber 
of  Commerce  of  the  United  States,  the  Construction  Employees' 
Association  and  the  American  Federation  of  Labor,  to  review 
every  form  of  contract  which  mio^ht  be  used  for  war  work,  and 
compare  it  with  the  Emergency  Form,  to  determine  whether  or 
not  any  other  kind  of  instrument  would  perniit  the  Government 
to  carry  forward  its  construction  program  tO'  better  advantage. 
They  reported  briefly  as  follows :  "  No  reasonable  objection  can  be 
pointed  out  by  anyone  possessing  a  full  understanding  of  its 
equitable  operations  and  practice,  and  finally  this  scheme  possesses 
one  qualification  which  must  commend  it  to  all  thinking  men : 
it  permits  starting  actual  work  weeks  and  even  months  before  the 
details  are  completely  worked  out  and  delineated  and  permits  the 
Government  to  push  the  job  at  any  speed  it  may  elect,  changing 
at  will  its  plan  and  scope  and  paying  only  what  the  work  actually 
costs,  plus  a  fee  which  is  so  reasonable  as  to  be  above  the  reach 
of  fair-minded  criticism." 

The  organization  plan  of  the  Construction  Division  is  a  simple 
one.  There  is  a  central  organization  in  Washington,  which  lays 
down  the  fundamental  requirements  for  each  project,  procures  the 
authority  and  funds  for  its  construction  and  follows  the  work 
through  from  its  inception  to  completion.  The  details  of  the 
job  are  handled  in  the  field  at  the  site  of  the  work.  They  are 
directly  under  an  ofificer  called  the  Constructing  Quartermaster, 
who  is  responsible  to  the  Government  for  the  satisfactory  comple- 
tion of  his  job  and  for  the  proper  disbursement  of  funds.  He  is 
the  commanding  officer  during  construction  and  all  other  agents, 
both  engineer  and  contractor,  report  to  him.  His  organization 
is  built  up  to  meet  the  requirements  of  the  particular  project 
under  his  charge  and  is  a  miniature  of  the  main  organization 
in  Washington,  having  its  engineering,  materials,  administrative, 
accounting  and  labor  departments.  In  cases  where  difficulties 
are  experienced  or  where  advice  is  needed,  he  takes  the  matter 
up  direct  with  a  Supervisor  in  Washington,  who  is  the  point  of 
contact  between  the  Washington  Office  and  the  field.  This 
Supervisor  has  a  group  of  jobs  under  his  direction  and  sees  to  it 
that  his  several  Constructing  Quartermasters  in  the  field  are  kept 
in  daily  touch  with  the  material  and  lalxDr  situation,  furnished 
plans,  and  that  materials  purchased  directly  by  the  Washington 
organization  have  clearance  and  are  shipped  to  the  jobs  and  that 
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all  legal  and  auditing  matters  are  in  accord  with  Government 
practice.  The  Supervisor  in  turn  reports  to  a  Section  Chief, 
who  is  generally  responsible  for  the  work  of  some  particular 
bureau,  such  as  hospitals  for  the  Surgeon  General's  Office,  ord- 
nance plants,  or  aircraft  work.  These  Section  Chiefs  and  their 
groups  of  jobs  make  up  the  Building  Division  and  report  to  the 
Officers  in  Charge  thereof. 

The  Engineering,  Contracts,  Administrative,  Accounting,  Re- 
quirements and  Procurement  Divisions  act  as  service  sections 
for  the  Building  and  Utilities  Divisions,  furnishing  to  the  field 
forces  expert  technical  data  which  the  requirements  of  the  job 
demand.  The  work  of  these  several  service  sections  is  fairly 
well  indicated  by  their  names.  The  Engineering  Division  is 
responsible  for  all  engineering  matters  from  the  survey  of  sites 
to  complete  and  detailed  plans  for  buildings  and  utilities,  water 
supply,  sewage  disposal  plants,  heating,  lighting,  camp  sanita- 
tion and  the  like.  The  Contracts  Division  prepares  the  contracts 
and  interprets  them,  and  acts  in  a  similar  capacity  to  a  general 
counsel  of  a  large  business  organization.  The  Administrative 
Division  is  charged  with  the  employment  of  civilians,  adjusts  all 
wages,  the  settlement  of  labor  disputes  and  the  clerical  work  in 
the  Washington  Office.  The  Accounting  Division  attends  to  the 
money  matters,  including  the  auditing  and  checking  of  the  ex- 
penses of  the  jobs.  The  Requirements  Division  presents  the 
requests  for  authority  to  the  Secretary  of  War,  through  the 
Director  of  Operations,  and  secures  the  necessary  funds.  The  Pro- 
curement Division  keeps  in  touch  with  the  markets  of  the  country 
and  mobilizes  and  arranges  for  the  transportation  of  the  huge 
quantities  of  building  materials  required  for  the  many  projects 
under  the  jurisdiction  of  the  main  office.  The  Building  Division 
is  responsible  for  the  conduct  of  the  actual  operations  in  the  field 
and  during  the  War  was  the  manufacturing  department  of  the 
business,  its  finished  project  being  camps,  hospitals,  ordnance 
plants,  etc.,  with  the  other  departments  assisting  it  in  its  stupen- 
dous task.  The  Utilities  Division  maintains  and  operates  the 
project  after  its  completion.  The  present  organization  differs 
but  little  in  its  plan  from  that  which  was  laid  down  at  the  beginning 
of  the  war  and  the  basic  priiu-iplc  then  established  has  controlled 
its  activities  since  its  inceptioiL 

The  Construction  Division,  during  ihe  period  of  its  war  activi- 
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ties,  was  the  largest  construction  organization  in  the  history  of 
the  world  and  the  largest  employer  of  labor.  In  addition  to  its 
commissioned  and  clerical  personnel,  its  working  force  numbered 
427,000  laborers,  more  than  twice  as  great  an  army  as  that  which 
fought  at  Gettysburg  on  both  the  Union  and  Confederate  sides, 
and  more  than  four  times  the  number  of  our  Regular  Army  at  the 
time  of  the  declaration  of  war.  This  construction  force  had  to 
be  housed  and  fed  during  the  construction  period  and  this  in  itself 
was  no  simple  problem,  for  many  of  the  sites  chosen  for  the 
camps  were  located  on  remote  and  virgin  fields  without  a  single 
facility  for  the  accommodation  of  the  labor  which  must  build 
them.  The  outstanding  feature  of  this  work  was  the  magnitude 
of  the  operation  combined  with  the  speed  of  its  accomplishment. 
The  individual  buildings  which  made  up  the  project  were  in  them- 
selves neither  intricate  of  design  nor  difficult  of  construction,  but 
the  task  of  assembling  them  into  a  complete  whole  within  the  short 
time  available  so  that  they  might  be  ready  to  serve  their  purpose 
was  one  of  the  things  that  made  victory  possible.  Upon  the  con- 
tinuity of  supply  of  men  and  munitions  the  destinies  of  the  over- 
seas forces  were  absolutely  dependent.  Once  a  project  was  con- 
ceived it  took  its  place  in  a  definite  schedule  and  it  had  to  be 
completed  in  accordance  with  that  schedule,  or  else  all  of  the 
arrangements  of  the  War  Department  based  upon  its  being  ready 
to  perform  its  function  at  a  given  time  would  have  been,  thrown 
into  confusion  by  the  failure  of  one  step  in  the  process.  Can  you 
imagine  the  resulting  confusion  had  the  operation  of  the  draft 
been  delayed  because  these  camps  w^ere  not  ready  to  receive  the 
men,  or  what  might  have  happened  had  the  newly  made  soldiers 
not  been  able  to  sail  for  France  because  of  the  lack  of  embarkation 
facilities?  The  Construction  Division  was  one  Government  agency 
which  delivered  the  goods  on  time. 

Previous  to  tlie  War  the  several  bureaus  of  the  War  Depart- 
ment did  their  construction  work  independent  and  ofttimes  in 
competition  with  each  other.  After  the  camps  and  cantonments 
were  completed  and  the  advisability  of  concentrating  construction 
under  a  single  head  had  been  so  clearly  proven,  the  Secretary 
of  War  delegated  to  the  Construction  Division  all  the  construction 
work  required  in  this  country.  Each  bureau  made  known  its 
requirements,  plans  and  estimates  were  then  prepared  by  the 
Construction  Division,  authority  for  the  expenditure  of  the  neces* 
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sary  funds  was  secured  from  the  Secretary  of  War,  a  contractor 
was  recommended  by  the  Council  of  National  Defense  and 
approved  by  this  Division  and  the  construction  work  immediately 
started.  Full  authority  for  every  detail  of  the  work  was  placed 
upon  the  Construction  Division  and  it  was  held  accountable 
only  for  results. 

In  order  that  you  may  appreciate  some  of  the  phases  of  the 
work  a  few  words  may  be  in  order  as  to  how  the  building  of  the 
National  Army  camps  was  carried  out.  There  were  i6  of  these 
projects,  whose  location  was  selected  by  a  special  Board  of  Regu- 
lar Army  officers  in  May  and  June  of  191 7.  The  last  site  was  not 
approved  until  July  6th.  Upon  each  of  these  sites  it  was  required 
to  build  a  camp  capable  of  housing  40,000  men  and  accommodat- 
ing 14,000  animals.  Each  one  of  these  camps  had  to  be  a  self- 
contained  community  with  every  modern  facility  for  the  comfort 
and  health  of  the  men  who  would  be  trained  there.  Barracks, 
mess  halls,  lavatories,  administration  buildings,  officers'  quarters, 
storehouses,  refrigerating  plants  and  laundries  had  to  be  built, 
water  and  sewer  systems  installed,  roads  constructed  and  railroad 
tracks  laid,  and  lighting  and  heating  provided,  Each  camp  was  in 
itself  a  veritable  modern  city,  costing  from  8  to  12  million  dollars, 
which  had  to  be  created  from  the  ground  up  within  the  short  space 
of  three  months.  If  you  can  picture  in  your  mind  what  it  would 
mean  to  have  to  provide  in  that  short  space  of  time  housing 
accommodations  for  all  the  people  in  Philadelphia,  while  New 
York,  Baltimore  and  Pittsburgh  were  all  equally  busy  on  similar 
rush  work  and  therefore  fighting  for  the  available  labor  and 
materials  and  freight  cars  which  your  job  required,  you  will  have 
some  idea  of  the  size  of  the  task  and  the  difficulties  involved. 

The  fundamental  engineering  principle  laid  down  by  the  Wash- 
ington Office  for  adaptation  to  the  conditions  in  the  field  were 
based  on  both  Army  and  Municipal  experience  in  this  country 
modified  by  information  received  from  our  Allies.  The  Town 
Planner  and  Landscape  Architect,  together  with  the  Fire  Preven- 
tion Experts,  prepared  typical  layout  plans,  indicating  the  amount 
of  space  required  for  the  various  buildings  and  the  arrangement 
of  the  regimental  areas.  The  varying  topography  at  the  several 
sites  made  it  necessary  to  adjust  these  typical  layouts  to  fit  the 
ground  in  the  field.  To  give  an  idea  of  the  size  and  character 
of  a  complete  camp,  Camp  Grant  at  Rock  ford,  Illinois,  may  Ije 
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taken  as  a  fair  illustration.  This  cost  approximately  $ii, 000,000 
and  has  a  capacity  of  43,000  men  and  12,000  animals  housed 
in  1600  buildings.  The  water  supply  system  includes  6  wells, 
38  miles  of  pipe  and  a  reservoir  of  550,000  gallons  capacity.  The 
electric  lighting  system  required  1450  miles  of  copper  wire,  1200 
poles  and  35,000  incandescent  lamps.  About  50,000,000  feet  of 
lumber  was  required  for  its  construction,  which  was  erected  at 
the  rate  of  500,000  board  feet  per  day.  The  Division  Hospital 
has  a  capacity  of  1000  beds.  Camp  Lewis,  at  American  Lake, 
Washington,  is  one  of  the  most  beautifully  located  of  all  the 
cantonments  and  is  even  larger  than  Camp  Grant.  It  cost,  in  191 7, 
ab(iut  $215  per  man  to  provide  complete  housing  accommodation 
in  the  Xational  Army  Camp  and  about  $88  per  man  in  the  National 
Guard  tent  camps. 

The  water  supply  for  the  camps  presented  another  serious 
problem.  It  was  determined  that  50  gallons  per  capita  per  day 
should  be  allowed  for  each  man  in  camp  and  15  gallons  for  each 
animal.  This  is  about  80  per  cent,  more  water  than  was  supplied 
to  the  British,  French,  Canadian,  Belgium  or  German  camps.  The 
primary  requisite,  of  course,  was  to  provide  a  water  of  unques- 
tioned purity  and  where  there  was  any  possible  danger  from  pollu- 
tion to  filter  and  sterilize  it  before  distribution.  In  some  cases 
existing  water  works  systems  in  the  nearby  cities  were  available 
but  even  in  such  cases  the  strictest  sanitary  control  was  exercised 
over  the  plant  and  many  betterments  and  extensions  made.  In 
some  cases  these  extensions  were  financed  by  the  Government,  the 
municipality  reimbursing  the  Government  for  the  expenditure  in 
free  water.  Where  water  was  purchased  the  average  cost  was 
approximately  8  cents  per  1000  gallons.  In  many  locations  inde- 
pendent plants  were  built  including  the  most  modern  pumping 
and  filtration  apparatus.  In  all,  some  275  different  water  supply 
installations  were  made,  involving  construction  of  11 00  miles 
of  pipe  from  six  to  thirty  inches  in  diameter,  700  miles  of  service 
pipe.  %  inch  to  2  inches  in  diameter,  with  a  combined  pumping 
capacity  of  650,0005000  gallons  per  day ;  the  reservoir  capacity 
in  tanks  was  67,000.000  gallons,  while  impounding  reservoirs 
capable  of  holding  3,000,000,000  gallons  were  constructed;  filter 
plants  were  built  having  a  daily  capacity  of  40,000,000  gallons  and 
more  than  4.000,000  troops  and  2,000,000  civilians  were  supplied 
with  water.     Up  to  date  there  has  not  been  a  single  case  of 
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typhoid  fever  or  other  water-borne  disease  attributed  to  the  impur- 
ity of  any  water  supply,  designed,  operated  or  controlled  by  the 
Construction  Division,  which  in  itself  is  one  of  the  outstanding 
facts  in  the  history  of  this  war. 

Owing  to  the  shortage  in  iron  and  the  need  for  this  metal 
for  munitions,  cast-iron  and  steel  pipe  was  not  available  for  the 
camp  water  systems  except  in  limited  cjuantities.  Wood-stave 
pipe  of  Canadian  white  pine  and  California  redwood  was  used, 
resulting  in  a  large  saving,  both  in  money  and  time  of  laying. 
California  redwood  tanks  of  200,000  gallons'  capacity  were  largely 
used  for  the  storage  of  water,  their  cost  was  much  less  than  either 
steel  or  concrete,  and  the  time  and  labor  required  for  their 
erection  only  a  fraction  of  that  necessary  for  steel  or  con- 
crete reservoirs. 

Hand  in  hand  with  the  need  for  providing  a  safe  water  supply 
was  the  necessity  for  disposal  of  sewage  and  other  wastes  in  the 
most  sanitary  possible  manner.  With  populations  ranging  from 
five  to  sixty  thousand  men  and  with  a  density  of  population  in 
many  cases  much  higher  than  found  in  cities,  it  was  necessary 
to  take  every  possible  sanitary  precaution.  Standard  designs  and 
general  specifications  for  the  construction  of  sewer  systems  and 
sewage  treatment  plants  and  for  garbage  incinerators  and  can- 
washing  equipment  were  prepared  in  the  Washington  Office  and 
turned  over  to  the  Supervising  Engineer  on  the  job  for  adapta- 
tion and  execution. 

The  standard  tanks  for  sewage  treatment  were  the  multiple 
compartment  horizontal  flow  type,  provided  with  cross  baffles 
so  as  to  facilitate  sedimentation  and  to  permit  the  withdrawal 
of  sludge.  The  bottoms  were  pyramidal  and  where  the  effluent 
was  discharged  into  a  large  stream,  no  other  treatment  than 
dosing  the  effluent  with  chlorine  was  required.  In  some  cases 
sprinkling  filters  and  secondary  sedimentation  tanks  were  in- 
stalled. In  designing  the  sewage  treatment  plants  an  allowance 
was  made  for  60  gallons  per  capita.  In  hospitals  150  gallons  per 
l)ed,  and  60  galkjns  for  each  attendant  was  assumed  as  the  basis 
for  design.  More  than  1000  miles  of  sewer  pipe  were  laid,  over 
100  sewage  disposal  plants  were  built,  with  a  combined  capacity 
of  20,000,000  gallons.  The  total  area  of  the  sprinkling  filters 
constnictc'd  is  over  500,000  s(|uarc  feet.     The  cost  of  tiie  tanks 
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complete,  with  filters,  at  each  of  the  40,000  men  camps  was  about 
$200,000.  or  $5  per  capita. 

It  early  developed  that  the  amount  of  grease  in  the  kitchen 
waste  was  far  in  excess  of  that  encountered  in  ordinary  municipal 
sewage.  To  relieve  the  sewage  of  this  excessive  grease  load 
and  prevent  its  interference  with  the  operation  of  the  disposal 
plants,  a  special  type  of  grease  trap  was  developed  by  means  of 
which  it  was  possible  to  recover  about  95  per  cent,  of  the  grease 
contents  in  the  sewage.  It  was  found  that  about  13  pounds  per 
capita  per  year  of  grease  valuable  for  commercial  use  could  be 
obtained  from  the  wastes  from  the  kitchens.  Much  of  the  camp 
waste  was  of  commercial  value.  Garbage  stations  were  erected 
and  the  waste  material  carefully  classified  was  generally  separated 
into  garbage,  fats,  grease,  bones,  bottles,  tin  cans,  paper  and 
manure  and  so  much  as  w^as  of  value  sold  under  contract  to  Waste 
Disposal  Companies.  Special  incinerators  were  designed  and 
built  by  the  Construction  Division  to  destroy  the  wastes  which 
had  no  market  value.  In  some  cases  piggeries  were  established 
and  the  camp  garbage  thus  profitably  converted  into  fresh  meat  for 
the  Army.  As  a  result  the  Government  received  over  a  million 
dollars  a  year  income  from  what  would  otherwise  have  been  a 
total  loss. 

Many  of  the  ideas  developed  in  connection  with  the  sanita- 
tion and  waste  disposal  work  were  original  in  character  and 
will  be  a  permanent  contribution  toward  the  science  of  sani- 
tar}'  engineering. 

The  necessity  for  providing  roads  to  carry  the  heaviest  pos- 
sible traffic,  after  some  experiment,  led  to  the  choice  of  concrete 
as  the  most  suitable  type  of  pavement,  but  other  types  were  used, 
such  as  brick,  gravel,  macadam  and  bitulithic,  where  the  materials 
could  l^e  quickly  procured. 

It  may  not  be  out  of  place  to  once  more  call  attention  to  the 
tremendous  decrease  in  the  proportion  of  deaths  from  disease 
brought  about  by  the  intelligent  supervision  and  exercise  of  strin- 
gent sanitarv'  regulations  during  the  present  war.  As  a  proof 
of  the  efficiency  of  such  measures  as  pure  water  and  proper  sewage 
facilities,  drainage,  mosquito  control,  comfortable  housing  and 
adequate  hospitals,  it  is  interesting  to  compare  the  figures  during 
this  war  with  those  of  our  previous  wars :  In  the  Mexican  War 
the  deaths  from  disease  amounted  to  no  per  thousand  men;  in 
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the  Civil  War,  this  was  reduced  tO'  65  per  thousand  men ;  in  the 
Spanish-American  War,  26  per  thousand,  and  in  the  Russian- 
Japanese  War  the  deaths  among  the  Japanese  troops  which  at 
that  time  represented  the  highest  attainment  in  sanitary  practice 
was  20  per  thousand. 

In  July  and  August,  191 8,  when  the  camps  and  cantonments 
were  in  full  operation,  the  death-rate  from  disease  was  2.8  men 
per  thousand,  which  is  less  than  half  of  the  death-rate  for  men 
of  military  age  in  civilian  life.  The  rate  from  the  beginning  of 
the  war  up  to  the  outbreak  of  the  influenza  epidemic  was  less  than 
five  per  thousand  men. 

One  feature  of  the  work  of  the  Construction  Division  that 
contributed  largely  toward  this  remarkable  record  was  the  pro- 
vision all  over  the  United  States  of  ample  hospital  accommoda- 
tions. Plans  were  prepared  in  conjunction  with  the  office  of  the 
Surgeon  General,  not  only  for  the  hospitals  in  each  of  the  Divi- 
sional Camps,  but  for  special  hospitals  at  many  other  places,  includ- 
ing those  for  the  treatment  of  tuberculosis,  shell  shock,  for  recon- 
struction work  and  other  special  requirements  growing  out  of 
service  in  the  theatre  of  operations.  Altogether  accommodations 
were  provided  for  121,000  patients,  12,000  nurses,  34,000  enlisted 
men  and  4000  doctors.  Many  of  these  hospitals  were  built  on 
heretofore  unoccupied  ground  and  required  in  addition  to  the 
buildings  the  installation  of  the  necessary  sewers,  water  and 
electric  lighting  systems,  roads,  and  railroads.  The  camp  hospital 
buildings  were  generally  of  one-story  wooden  construction  con- 
nected by  closed  corridors  so  that  patients  might  be  readily  wheeled 
in  roller  chairs  from  one  building  to  another.  These  corridors 
were  cut  ofif  from  the  main  buildings  by  fire  walls  to  prevent  the 
spread  of  possible  fires.  Provision  was  made  for  every  appliance 
of  the  modern  hospital.  X-ray  laboratories,  bacteriological  labo- 
ratories, hydrotherapeutic  wards  and  the  most  complete  operating 
rooms  and  special  laboratories  for  research  work  were  installed. 
As  the  war  progressed,  the  hospital  plans  were  modified  and  terra- 
cotta block  and  stucco  on  metal  lathe  substituted  for  wood,  and 
the  buildings  made  two  and  three  stories  in  height,  thus  bringing 
the  units  closer  together  and  facilitating  administration.  At  a 
numl^er  of  the  Regular  Army  Posts  departmental  hospitals  were 
established,  using  the  original  post  hosj)ital  as  a  nucleus  and  re- 
modelling other  ])uildings  to  meet  the  requirements  and  at  certain 
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places  throughout  the  country  general  hospitals,  some  of  them 
containing  from  2000  to  4000  beds,  were  constructed.  Such  com- 
mercial buildings  as  the  old  Siegal-Cooper  store  and  the  Grand 
Central  Palace  in  New  York  were  converted  and  made  into  large 
reception  hospitals  for  the  sick  and  wounded  soldiers  returning 
from  overseas.  At  Ashville,  N.  C,  and  Denver,  Colorado, 
special  hospitals  were  constructed  for  the  treatment  of  tubercu- 
losis and  other  lung  troubles. 

The  German  drive  in  the  spring  of  19 18,  with  its  resulting 
large  number  of  casualties,  made  it  evident  that  a  decided  increase 
in  the  hospital  accommodations  would  have  to  be  provided  imme- 
diately. There  was  no  time  to  build  new  construction  and  in 
consequence  a  number  of  private  buildings,  such  as  museums, 
industrial  plants,  the  Ford  automobile  factories  and  properties 
of  like  nature  were  taken  over  and  converted  by  the  Construction 
Division  into  reasonably  satisfactory  hospitals.  In  all,  the  Con- 
struction Division  provided  through  new  construction,  purchase 
or  remodelling  a  total  of  294  hospitals,  costing  approximately 
$128,000,000.  These  ranged  in  cost  from  $750  per  bed  up  to 
$2000.  depending  upon  the  isolation  of  the  site  and  the  character 
of  construction. 

Practically  all  of  the  buildings  in  the  camps  were  of  frame 
construction  and  therefore  very  inflammable.  The  fire  hazard  in 
the  camps  and  hospitals  was  one  which  caused  a  great  deal  of 
concern  until  the  effectiveness  of  fire  prevention  measures  and 
inspections  was  so  clearly  demonstrated.  A  number  of  fires  have 
started,  but  in  only  three  cases  has  the  fire  spread  beyond  the 
buildings  of  its!  origin.  The  records  for  the  year  of  1918  show 
that  the  per  capita  loss  by  fire  throughout  the  United  States  was 
$2.70,  whereas  the  total  per  capita  loss  at  the  various  Construction 
Division  activities  for  the  year  ending  June  30,  19 18,  was  only 
67  cents. 

Of  all  of  the  construction  projects,  those  built  for  the  Ord- 
nance Department  are  of  the  greatest  interest,  embracing  as  they 
do  many  new  problems  of  construction  and  manufacture,  plant 
layout,  and  shop  arrangement.  There  were  sixty  of  these  proj- 
ects costing  a  total  of  $175,000,000.  One  of  the  largest  is  the 
Proving  Ground  at  Aberdeen,  Maryland.  Here  are  accommo- 
dations for  8000  men,  a  plant  165  feet  wide  and  500  feet  long 
for  assembling  gun  carriages  and  mounts  for  artillery  and  the 
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largest  machine  shop  in  the  United  States.  The  reservation  con- 
tains 35,000  acres  of  land  with  facilities  for  every  conceivable 
test,  which  may  be  desired  of  the  many  different  types  of  g'uns 
and  munitions  developed  during  the  war.  There  is  also  a  bombing 
field  where  airplanes  may  practice  aero  bombing  and  4000  acres 
are  given  over  to  the  manufacture  and  testing  of  gas  shells. 
This  latter  area  is  known  as  Edgewood  Arsenal  and  its  facilities 
cost  approximately  $30,000,000.  There  are  quarters  for  10.000 
men  and  a  gas-filling  plant  with  a  capacity  of  120,000  loaded  shells 
per  day.  Here  mustard  gas,  phosgene,  caustic  soda,  picric  acid 
and  other  weafpons  of  chemical  warfare  were  produced  on  a 
large  scale. 

Explosives  from  their  very  nature  must  be  stored  by  themselves 
and  far  away  as  possible  from  thickly  settled  sections,  and  at  the 
same  time  this  storage  must  be  convenient  to  railroads  and  docks 
so  that  the  contents  of  these  magazines  could  be  delivered  to 
ocean-going  vessels  without  unnecessary  handling.  The  difficulty 
of  finding  such  sites  which  were  suitable  for  such  construction 
within  reasonable  distance  of  deep  water  and  rail  facilities  was 
apparent  at  the  outset.  Five  of  these  projects  were  located  along 
the  Atlantic  Coast,  one  at  Metuchen,  N.  J.,  Pedricktown,  Del., 
Pig  Point,  Va.,  Curtis  Bay,  Md.,  and  Charleston,  S.  C.  The 
Raritan  Arsenal,  which  is  at  Metuchen,  N.  J.,  is  the  largest  of 
these  projects.  This  reservation  comprises  2200  acres  of  salt 
marsh,  which  to  prevent  its  submersion  at  high  tide,  had  to  be 
protected  with  a  dike  around  the  entire  reservation.  The  soil 
itself  was  such  that  every  structure  erected  had  to  be  supported 
on  piles.  An  Ordnance  School  was  also  located  at  this  point  with 
accommodations  for  10,000  men.  Fifty  miles  of  railroad  were 
required  and  a  dock  of  2000  feet  in  length  with  warehouses  and 
other  facilities  were  provided  at  a  cost  of  about  $14,000,000. 

Bag-loading  plants  were  another  development  made  necessary 
by  the  War.  Guns  up  to,  and  including  4.7  calibre,  used  ammuni- 
tion in  which  the  explosive  is  loaded  in  a  metal  cartridge  case, 
similar  in  appearance  to  small  arms  ammunition,  but  guns  of 
larger  size  used  what  is  known  as  unfixed  ammunition,  that  is, 
the  powder  is  packed  in  silk  bags  of  the  diameter  of  the  gun  and 
after  the  projectile  is  placed  in  the  bore  of  the  gim  a  bag  or  num- 
ber of  bags,  depending  on  the  size  of  the  gim,  are  loaded  into 
the  breech  to  form  the  propelling  charge.     The  filling  of  these 
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bags  must  be  done  with  the  utmost  accuracy,  after  the  explosive 
itself  has  l^en  carefully  blended  in  order  that  no  variation  in  the 
propellant  force  of  the  charge  may  occur.  Three  of  these  plants 
were  constructed,  one  at  Woodbury,  N.  J.,  one  at  Tullytown, 
Pa.,  and  one  at  Seven  Pines.  \'a.  Because  of  the  character  of  the 
work  and  the  danger  incident  to  the  operation  of  the  plant,  these 
had  to  be  as  isolated  as  possible.  So  that  complete  quarters  for 
the  employees,  many  of  whom  were  women,  had  to  be  built  to 
provide  for  the  operating  persomiel.  These  plants  involved 
many  new  problems  of  engineering  details  and  yet  they  were 
completed  within  three  months'  time. 

Practically  all  of  the  shipping  facilities  required  for  the  War 
were  under  the  direction  of  the  Shipping  Board;  the  Construction 
Division,  however,  built  and  placed  in  operation  276  barges  and 
lighters  for  use  in  handling  supplies  in  connection  with  the  Newark 
Terminal  and  for  the  loading  and  transportation  of  munitions 
from  the  Pig  Point  and  Curtis  Bay  Storage  Depots  to  the  outward- 
bound  ships. 

At  the  beginning  of  the  war,  construction  pertaining  to  the 
Air  Service  was  under  the  jurisdiction  of  the  Signal  Corps,  but 
after  October,  191 7,  the  Construction  Division  began  taking  over 
the  construction  work  which  was  then  in  progress  and  after 
the  early  part  of  1918  did  all  of  this  work.  Flying  fields  were 
established  in  many  parts  of  the  country  and  housing  provided 
for  their  personnel.  Special  buildings  were  constructed  for 
housing  of  dirigible  balloons  and  there  is  now  in  course  of  con- 
struction at  Langley  Field,  Virginia,  the  largest  dirigible  hangar 
in  the  world.  The  R-34,  which  made  the  Trans-Atlantic  flight,  is 
78  feet  in  diameter.  This  new  hangar  will  accommodate  a  diri- 
gible 100  feet  in  diameter  and  still  leave  space  in  the  clear  for,  a 
16-foot  car.  Balloon  schools  were  also  constructed  at  Lee  Hall, 
Virginia,  and  Arcadia,  California,  and  used  for  the  training  of 
aerial  observ^ers.  In  the  design  of  the  dirigible  hangars  which 
are  168  feet  high  and  680  feet  long,  the  problem  of  the  door 
design  is  a  difficult  one.  These  doors  are  70  feet  in  height  and 
40  feet  wide.  Their  structural  makeup  and  the  method  of  opening 
them  when  they  are  in  place,  is  one  of  considerable  interest  to  a 
structural  engineer,  as  well  as  the  large  amount  of  bracing  required 
to  withstand  the  heavy  pressure  of  the  wind  against  such  a 
large  surface. 
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For  the  Alotor  Transport  Corps,  maintenance  and  repair 
shops  were  constructed  for  assembHng  tanks,  tracks  and  trucks 
used  in  connection  with  the  Mobile  Artillery,  as  well  as  for  the 
ordinary  passenger  automobile.  At  Baltimore,  Atlanta,  and 
San  y\ntonio,  large  projects  for  this  purpose  included  enormous 
shops  and  garages  and  training  schools.  The  buildings  are  fitted 
with  the  finest  types  of  machine  tools,  cranes  and  other 
equipment  and  compare  favorably  with  the  most  up-to-date  auto- 
mobile factories. 

While  the  activities  of  the  Construction  Division  have  l^een 
confined  to  this  side  of  the  Atlantic,  a  notable  exception  may  be 
mentioned  in  the  case  of  the  refrigerating  and  cold  storage  plants, 
designed,  purchased,  and  shipped  to  France.  Immediately  upon 
the  assemblage  of  the  necessary  materials  for  these  plants,  the 
Construction  Division  also  organized  the  personnel  for  their  oper- 
ation. When  the  United  States  entered  the  war,  there  was  avail- 
able for  the  use  of  the  American  soldiers  in  France  a  storage 
capacity  of  only  750  tons  of  beef.  This  was  later  increased  to 
4000  tons  capacity.  During  the  same  time  the  Construction 
Division  provided  in  this  country  a  capacity  for  24,000  tons  of 
beef.  Owing  to  the  distance  that  this  beef  had  to  be  transported, 
a  sharp  freezer  plant  had  to  be  provided  where  chilled  beef  could 
be  hard  frozen  at  a  temperature  of  15  degrees  above  zero  in 
order  to  make  it  easy  and  safe  for  transportation.  To  meet  this 
emergency,  the  Construction  Division  erected  at  Chicago  the 
largest  sharp  freezer  plant  in  the  world.  It  is  the  most  modern 
type  of  concrete  and  brick  construction,  insulated  throughout 
with  cork.  It  has  a  daily  freezing  capacity  of  1400  tons,  equiva- 
lent to  5000  animals,  and  a  storage  capacity  of  14,000  tons  of 
frozen  beef. 

Refrigerating  and  ice-making  plants  were  designed  and 
constructed  at  many  of  the  camps  and  hospitals,  but  these  were 
generally  small  in  size,  being  designed  to  produce  from  50  to  200 
tons  of  ice  per  day,  adequate  for  the  army  population  of  their 
particular  locality. 

Among  the  largest  projects  built  by  the  Construction  Division 
are  the  huge  terminals  at  Boston,  Brooklyn,  Norfolk,  Charleston 
and  New  Orleans.  In  them  was  concentrated  the  vast  store  of 
materials  required  by  the  overseas  forces.  Here  these  supplies 
were  collected  and  loaded  on  ships.     IVibutary  to  these  etnbarka- 
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tion  terminals  or  Army  Supply  Bases  were  interior  Storage 
Depots  located  at  important  railroad  junction  points  and  con- 
venient to  the  great  manufacturing  centres  of  the  country.  Depots 
of  this  character  were  established  at  Philadelphia,  New  Cumber- 
land. Pa..  Schenectady,  New  York,  Columbus,  Ohio,  St.  Louis, 
Chicago,  Jeffersonville,  Ind.,  Pittsburgh  and  Baltimore.  They 
provide  a  total  storage  space  of  12,000,000  square  feet. 

These  Amiy  Supply  Bases  may  be  described  as  a  combination 
railroad  terminal  and  storehouse  for  the  protection  of  merchan- 
dise and  its  transshipment  to  ocean-going  vessels.  The  Boston 
Base  is  eight  stories  in  height  and  is  128  feet  wide  and  1628  feet 
long.  It  has  a  storage  space  of  2,750,000  square  feet.  This  build- 
ing is  paralleled  by  a  wharf  shed  of  the  same  length,  two  storied 
in  height,  while  at  the  outer  end  of  the  4000-foot  pier,  carrying 
these  buildings,  are  two  upper  sheds,  each  924  feet,  by  three  stories. 
The  terminal  yard  includes  30  miles  of  railroad  track,  extend- 
ing to  and  through  the  various  buildings,  as  well  as  along  the 
sides  of  the  dock.  This  huge  project  was  built  in  five  months 
and  cost  25  million  dollars.  At  Brooklyn  there  are  two  8-story 
concrete  warehouses,  each  980  feet  in  length,  one  being  200  and 
the  other  300  feet  in  width.  These  buildings  contain  four  million 
square  feet  of  storage  space.  Serving  them  are  three  double-deck 
piers,  each  150  feet  in  width  and  1300  feet  long,  and  an  upper 
pier  60  feet  wide  and  1300  feet  long.  The  storage  tracks  will 
accommodate  1300  freight  cars  and  the  docks  permit  twelve  800- 
ton  ships  to  be  loaded  at  one  time.  With  the  mechanical  equip- 
ment it  is  possible  to  load  a  vessel  in  24  hours.  This  project  was 
completed  in  approximately  one  years'  time,  and  cost  $28,000,000. 

The  Norfolk  Base  contains  two  million  square  feet  of  storage 
space,  a  mile  of  dock  and  terminal  tracks  for  freight  cars.  This 
project  required  the  reclamation  of  217  acres  of  mud  flats,  the 
building  of  concrete  pile  bulkhead,  and  the  filling  in  with  material 
removed  from  the  harbor  to  give  the  required  depth  to  accommo- 
date deep  draught  vessels.  Here  a  cantonment  was  erected  for 
a  regiment  of  stevedores  and  a  battalion  of  guards,  including  a 
120-bed  hospital.  This  project  was  completed  in  about  12  months' 
time  and  cost  $25,000,000. 

The  Army  Bases  at  Newark  and  at  Charleston,  S.  C,  are  the 
one-story  type  and  similar  to  Norfolk,  while  that  at  New  Orleans 
was  of  reinforced  concrete  and  comparable  with  the  Brooklyn  and 
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Boston  projects.  These  Army  Supply  Bases  and  the  Interior 
Storage  Depots  have  a  combined  storage  capacity  of  27,502,300 
square  feet.  With  an  additional  2,176,000  square  feet  of  storage 
capacity  and  open  sheds,  an  area  equivalent  to  a  building  seventy 
feet  wide  and  eighty-one  miles  long,  the  docking  space  is  capable  of 
accommodating  65  ships  at  one  time.  Eight  hundred  and  forty- 
four  miles  of  railroad  track  and  1061  miles  of  concrete  road  serve 
these  projects. 

This,  in  brief,  is  an  outline  of  the  scope  of  the  work  done  by 
the  Construction  Division.  It  is  a  remarkable  fact  to  my  mind 
that  such  an  organization  could  be  suddenly  created  and  built 
up  in  a  period  of  18  months  into  the  greatest  construction  outfit 
of  all  time,  and  that,  by  the  welding  together  of  peace-trained 
engineering  and  building  organizations  into  a  military  unit  with 
a  single  purpose,  it  could  undertake  and  carry  to  successful  com- 
pletion a  building  program  on  a  vaster  scale  than  was  ever  before 
conceived  in  the  mind  of  man.  Out  of  its  success  there  is  engen- 
dered a  new  feeling  of  respect  in  the  Army  for  the  capacity  of  the 
civilian  scientist,  engineer  and  constructor  and  his  value  as  a 
military  asset,  a  feeling  that  he  may  be  depended  upon  in  any 
future  emergency,  to  quickly  divert  his  talents  to  warfare  as 
efTectively  as  he  follows  his  normal,  peaceful  pursuits,  for  he  has 
proven  his  worth  and  established  his  war  value.  His  contact 
with  the  Army  has  also  given  him  a  new  viewpoint  which  enabled 
him  to  better  sense  the  military  problem  of  the  country  and  to 
contribute  understandingly  towards  its  solution. 

Much  of  the  work  which  the  Construction  Division  did  was 
of  necessity  a  part  of  the  waste  of  war,  in  the  same  sense  that 
the  powder  shot  on  the  battle  front  was  waste,  and  it  has  no 
permanent  value  as  a  peace-time  asset,  and  yet  there  are  many  of 
its  projects  which  have  already  become  an  important  part  of  the 
economic  fabric  of  our  nation.  The  Army  Supply  Bases  at 
Brooklyn  and  Boston,  and  at  Norfolk,  Charleston  and  New 
Orleans  represent  the  finest  port  terminal  facilities  in  the  world. 
In  connection  with  an  American  Merchant  Marine,  they  will 
become  as  useful  for  peace  as  they  were  in  time  of  war,  and  they 
were  designed  and  built  with  this  thought  in  view. 

Against  the  huge  sums  spent  by  the  War  Department,  there 
is  the  offset  of  such  improvements  as  these  terminals.  In  many 
other  localities  there  have  l>een  provided  new  roads,  new  manufac- 


May.  U)20.]     CONSTRUCTION    DIVISION    OF    THE    ArMY.  6oI 

turing  developments.  enlari;enient  of  electric,  steam  aiid  gas  plants, 
provision  for  better  sewage  disposal  and  adequate  water  supply, 
rehabilitation  of  both  steam  and  electric  railroads,  the  establish- 
ment of  steamship  and  railroad  terminals,  the  drainage  of  malarial 
areas  and  reconstruction  of  buildings  and  communities  to  im- 
prove living  conditions,  all  of  which  the  demands  of  war  forced 
into  existence,  and  which  now  remain  as  a  vast  asset  to  the 
country.  Thus  have  our  "  shields  been  beaten  into  plowshares 
and  our  swords  into  pruning  hooks." 

To  few  men  have  fortuitous  circumstances  brought  such  an 
experience  as  has  come  to  me  as  Chief  of  the  Construction 
Division.  I  have  felt  a  thrill  in  directing  the  efiforts  of  this 
great  creative  body  of  men.  I  have  seen  the  engineer,  the  highly 
specialized  technical  expert,  the  contractor,  the  auditor,  the  engi- 
neer, the  clerk  and  the  laborer  rise  at  their  country's  call  and  for 
the  time  being  throw  off  the  hampering  jealousies  and  restric- 
tions of  their  normal  life  and  accomplish  the  impossible;  and  the 
credit  for  this  achievement  rests  largely  upon  men,  such  as 
you.  who  make  up  the  membership  of  Franklin  Institute,  the 
American  Society  of  Civil  Engineers  and  the  other  national  techni- 
cal associations,  and  who  more  and  more  are  dominating  the 
future  course  of  this  sfreat  nation. 


Electrolytic  Chromium.  (Advance  sheets  of  a  paper  by  Geo. 
J.  Sargent,  Res.  Chemist,  from  the  37th  general  meeting  of  the 
Amer.  Electrochemical  Society,  Boston,  April  8-10.) — Brief  allusion 
is  made  to  the  history  of  the  deposition  of  chromium,  including 
some  unpublished  work  by  Skillman  of  Cornell  University.  De- 
tails are  given  of  the  various  mixtures  of  chromic  sulphate  and 
chromic  acid  showing  that  the  yield  of  metal  is  greatly  increased 
by  the  presence  of  chromic  sulphate.  Comparisons  of'  results 
with  rotating  and  stationary  cathodes  and  of  the  differing  tem- 
peratures and  strength  of  solution  are  tabulated.  Very  good  de- 
posits of  chromium  were  obtained  in  some  of  the  experiments, 
low  temperatures  yielding  fair  ampere-hour  efificiency  at  compara- 
tively low  current  density.  The  chromium  deposit  is  very  resist- 
ant to  corrosion  by  ordinary  influences,  for  which  reason  the  author 
concludes  that  such  plating  has  important  commercial  possibilities. 

H.L. 
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Electrical  Supply  in  Small  Dwellings.  (Electrician,  Feb.  13, 
1920.) — In  Great  Britain  Messrs.  W.  T.  Henley's  Telegraph  Works 
Company  is  making  a  special  point  of  lighting  workmen's  houses 
by  electricity.  In  one  installation  the  tenant  is  charged  28s.  per 
annum  for  a  six-room  house  with  only  one  lamp  in  a  room.  The 
cost  of  wiring  is  much  reduced  by  a  twin  metal  sheath  system  and 
by  using  series  systems  in  some  and  parallel  systems  in  others.  The 
cost  of  wiring  in  1914  was  7s.  6d.  per  light  and  the  cost  of  maintenance 
has  proved  to  be  small.  G.  F.  S. 

Testing  Roads  for  Heavy  Travel.  (Weekly  News  Letter,  U.  S. 
Department  of  Agriculture,  vol.  vii,  No.  32,  p.  8.) — ^State  highway 
departments  are  vitally  interested  in  the  successful  outcome  of  com- 
prehensive experiments  and  tests  now  being  made  by  the  Bureau 
of  Public  Roads  of  the  United  States  Department  of  Agriculture. 
One  State  engineer  recently  declared  that  millions  of  dollars  in 
his  State  are  involved  in  the  proper  design  of  road  surfaqes, 
which  make  up  one  of  the  problems  being  investigated  by  the 
Federal  engineers. 

The  coming  into  general  use  of  the  heavy  motor  truck  has  prac- 
tically revolutionized  the  science  of  road-building.  Big  new  problems 
came  when  loads  weighing  10  to  15  tons  took  the  place  of  vehicles' 
that  placed  a  weight  one-fourth  as  much  or  less.  The  roads  built 
ten  years  ago  were  constructed  before  this  fact  could  be  reaHzed — 
which  is  one  of  the  reasons  why  many  "  permanent  "  roads  have 
proved  to  be  impermanent. 

One  of  the  testing  experiments  being  made  by  the  Federal  Bureau 
involves  the  use  of  a  49-section  roadway  in  the  Arlington  farm, 
owned  by  the  Department  of  Agriculture.  Each  section  was  built 
from  a  different  type  of  material,  or  with  a  different  method  of  con- 
struction. The  same  use  is  given  to  each  section,  so  that  eventually 
the  type  of  construction  best  suited  to  heavy  traffic  will  prove  itself. 

R. 

Research  Grant. — The  American  Pharmaceutical  Association 
has  available  a  sum  amounting  to  about  $450,  which  will  be  ex- 
pended after  October  i,  1920,  for  the  encouragement  of  research. 
This  amount,  either  in  full  or  fractions,  will  be  awarded  in  such 
manner  as  will  in  the  judgment  of  the  A. Ph. A.  Research  Committee 
produce  the  greatest  good  to  American  pharmaceutical  research. 

Investigators  desiring  financial  aid  in  their  work  will  communicate 
before  May  ist  with  H.  V.  Arny,  Chairman  A. Ph. A.  Research  Com- 
mittee, 115  West  68th  Street,  New  York,  giving  their  past  record 
and  outlining  the  particular  line  of  work  for  which  the  grant 
is  desired. 

The  committee  will  give  each  application  its  careful  attention  and 
will  make  recommendations  to  the  American  Pharmaceutical  Asso- 
ciation at  its  meeting  in  Washington.  May  3d  to  8th,  1920,  when  the 
award  or  awards  will  be  made. 


THE  CHARGE  ON  THE  ELECTRON  AND  THE  VALUE 
OF  PLANCK'S  CONSTANT  /,.* 


IRVING  LANGMUIR,   Ph.D. 

Research  Laboiatory.  General  Electric  Company,  Schenectady,  N.  Y. 

Lewis  and  Adams  (Pliys.  Rev.  (2),  3,  92,  (1914)  from  a 
theory  of  ultimate  rational  units,  i.e.  by  a  kind  of  dimensional 
reasoning,  have  derived  the  following  relation  between  Planck's 
constant  //  and  the  electron  charge  e. 


I,  =  -  X  32^'^       15 (0 


c 


where  c  is  the  velocity  of  light  (2.9986  x  10^^  cm.  per  sec).  If 
we  take  for  c  the  value  4.774  x  lo'^*'  e.s.  units  as  determined  by 
Millikan  (Phys.  Rcz:  (2).  2.  143,  1913)  this  gives 

//  =  6.560X  10-"  erg  seconds. 

In  a  recent  paper  R.  T.  Birge  {Phys.  Rev.  14,  361,  1919) 
has  calculated  h  in  seven  different  ways  and  obtains  as  the  most 
probable  value 

h  =  6.5543  X  10-". 

Every  method  of  determining  h,  however,  involves  the  use 
of  e  so  that  any  error  in  this  quantity  produces  a  corresponding 
uncertainty  in  h.  Sommerfeld  in  his  recent  book  on  atomic 
structure  {Atombau  und  Spectrallinien,  Nov.,  1919)  has  given 
a  new  relation  between  h  and  e  in  terms  of  the  Rydberg  con- 
stants obtained  with  hydrogen  and  helium.  From  Bohr's  theory, 
taking  into  account  the  masses  of  the  nuclei  of  the  atoms,  and 
by  comparing  the  spectra  of  hydrogen  and  helium,  he  is  able  to 
calculate  the  value  of  e/nv  wnth  very  great  accuracy  (here  /« 
is  the  mass  of  the  electron).    He  obtains 

e/ni=  i.'jdSb  X  10'  e.  m.  units, 

or  c  X  1.7686  X  10'  e.  s.  units. 

*  Communicated  by  the  Author. 
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Besides  being  based  upon  the  spectroscopic  wave  lengths, 
this  value  involves  a  knowledge  of  the  ratio  of  the  atomic 
weights  of  helium  and  hydrogen  (4.000:  1.008).  The  relative 
error  in  e/m,  however,  is  only  about  one-third  as  great  as  that 
in  the  ratio  of  the  atomic  weights.  Sommerfeld  has  furthermore 
derived  the  relations 


where 


4-A^oo  {e/m) 


he 


(2) 


(3) 


Here  A^oo    is  the  wave  number  corresponding  to  the  Rydberg 
constant  for  an  infinitely  heavv  nucleus.     It  has  the  value 


No:,    =  1 09737. 1 1  cm.-' 


(4) 


These  equations  together  with  the  Lewis  and  Adams  rela- 
tion enable  us  to  calculate  a  new  value  of  the  electron  charge  c. 
Combining  Equations  i  and  3  we  find 


I  3/^2 

=  l6^^\J~Ti     =0.0072798 


(5) 


Substituting  this  together  with  the  values  of  N co  and  e/m 
in  Equation  2  gives 

e=  4.745  X  lo-'o  e.s.  units (6) 

while  this  value  substituted  in  ( i )  gives 

h=  6.481  X  10--'  erg  seconds. 

This  value  of  e  is  about  0.6  per  cent,  lower  than  that  given 
by  Millikan,  who  estimates  the  accuracy  of  his  result  as  0.2  per 
cent.  However,  Millikan's  determination  has  never  been  checked 
by  any  independent  method  of  comparable  accuracy,  so  it  seems 
possiljle  that  a  constant  error  of  the  above  magnitude  might 
have  affected  his  results.  The  value  of  /;  given  by  Equation  7 
is  1.2  per  cent,  lower  than  the  value  calculated  by  Birge  but 
this  results  merely  from  the  different  value  for  c.  The  follow- 
ing table  gives  the  values  of  //  calculated  from  the  seven  sets  of 
data  used  by  Birge:  first,  using  Millikan's  value  <'  =  4.774;  and 
second,  using  the  value  (7  =  4.745. 
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Determinations  of  li. 


Method 

Depend- 
ence on  e. 

e=4.774 

e  =4.745 

Stefan-Boltzmann  Constant 

e4/i 
e 

e5/3 
e 

64/3 

e2 
e 

6.551 
6.557 
6.548 
6.578 
6.555 
6.560 

6.579 

6.497 

6.517 
6.481 

6.538 
6.501 
6.481 
6.539 

Wien  Constant  c* 

Bohr-Sommerfeld  theorj',  Equations  2  and  3 

Einstein's  photo-electric  equation 

Quantum  relation  for  X-rays 

Lewis  and  Adams  theorv 

Quantum  relation  for  ionization  potentials 

Average 

6.555 

6.507 

The  values  of  It  calculated  from  e  =  4.745  are  consistently 
smaller  than  those  based  on  Alillikan's  value,  but  they  agree 
among  themselves  within  the  probable  experimental  error.  In 
any  case  the  results  do  not  warrant  the  conclusion  that  the  Lewis 
and  Adams  or  the  Bohr-Somnierfeld  theories  are  not  rigorous. 
Unless  one  of  these  theories  is  incorrect  or  incomplete,  however, 
the  values  of  c  and  h  represented  by  Equations  6  and  7  should 
have  a  much  higher  accuracy  than  any  of  the  other  experimental 
determinations  given  in  the  above  table.  Under  these  conditions  it 
seems  desirable  that  new  determinations  of  the  electron  charge 
should  be  made,  especially  if  new  methods  can  be  developed. 


An  Experimental  Determination  of  the  Inertia  of  a  Sphere 
Moving  in  a  Fluid.  Gilbert  Cook.  {Philosophical  Magazine, 
March,  1920.) — Sir  G.  G.  Stokes  showed  that  a  solid  body  moving 
in  a  fluid  of  infinite  extent  has  its  inertia  apparently  increased  by 
the  effect  of  fluid  pressure.  This  effect  became  of  interest  in  war 
time  in  connection  with  the  theory  of  oscillating  mines.  A  spheri- 
cal mine-case  38.2  inches  in  diameter,  ballasted  so  that  its  weight 
in  water  w^as  only  one  pound,  was  allowed  to  fall  freely  through 
the  water  in  a  tank  15  feet  in  diameter  and  30  feet  deep.  The 
motion  was  automatically  recorded  and  the  velocity  and  accelera- 
tion were  calculated.  When  the  acceleration  is  plotted  against 
the  square  of  the  velocity  the  points  lie  close  to  a  straight  line. 
The  faster  the  mine  sinks  the  less  is  its  acceleration.  When  the 
apparent  inertia  was  computed  it  came  out  equal  to  1.46  times  the 
ordinary  mass  of  the  case. 

G.  F.  S. 


6o6  Current  Topics.  [J-  F.  I. 

Quotations  from  the  Diary  of  Samuel  Pepys  on  the  Weather. 

{Quart.  Jour.  Royal  Mctcorol.  Soc,  January,  1920.) — It  is  now 
recognized  that  loud  sounds  are  surrounded  by  zones  in  which 
they  are  inaudible.  Beyond  these  come  other  areas  in  which  the 
sounds  may  once  more  be  heard.  Under  date  of  June  2,  1666, 
Pepys  records  that  he  went  "  into  the  Parke,  and  there  we  could 
hear  the  guns  from  the  fleete  most  plainly."  Two  days  later, 
"  so  walking  through  the  Parke  we  saw  hundreds  of  people  list- 
ening at  the  Gravell-pits  ;  and  to  and  again  in  the  Parke  to  hear 
the  guns,  and  I  saw  a  letter  dated  last  night,  from  Strowd,  Gov- 
ernor of  Dover  Castle,  which  says  that  the  Prince  (Rupert)  come 
thither  the  night  before  with  his  fleete,  but  that  the  guns  which 
■\ve  writ  that  we  heard,  it  is  only  a  mistake  for  thunder ;  and  so 
far  as  to  yesterday  it  is  a  miraculous  thing  that  we  all  Friday, 
and  Saturday  and  yesterday,  did  hear  everywhere  most  plainlv 
the  guns  go  ofif,  and  yet  at  Deale  and  Dover  to  last  night  they  did 
not  hear  one  word  of  a  fight,  nor  think  they  heard  one  gun.  This 
makes  room  for  a  great  dispute  in  philosophy,  how  we  should 
hear  and  they  not,  the  same  wind  that  brought  it  to  us  being  the 
same  that  should  bring  it  to  them:  but  so  it  is."  These  observa- 
tions are  in  agreement  with  recent  experience  during  the  war. 

G.  F.  S. 

The  Effect  of  High  Temperature,  Humidity  and  Wind  on  the 
Human  Body.  {Quart.  Jour.  Royal  Mctcorol.  Soc,  January,  1920.) 
— ^len  die  in  the  desert  from  the  efifects  of  the  simoom,  a  strong,  hot 
and  very  dry  wind.  The  explanation  offered  is  this:  "  Because, 
therefore,  the  bodily  gain  of  heat  by  convection  from  the  air  in- 
creases as  the  strength  of  the  wind  increases,  and  because  the 
human  body  cannot  perspire  above  a  certain  maximum  rate,  it  is 
easy  to  see  that  to  each  air  temperature  above  blood  heat  there 
must,  theoretically,  at  least,  correspond  a  certain  critical  value  of 
the  wind  velocity,  which,  if  exceeded,  must  produce  a  net  gain  of 
heat  to  the  body.  v\lso,  the  lower  the  air  temperature  the  higher 
will  be  the  critical  wind  velocity  at  which  conditions  become  un- 
livable.  Under  actual  atmospheric  conditions  this  limit  appears 
never  to  be  exceeded  except  in  an  exceptionally  liot  and  drv  wind." 

G.  F.  S. 

Wireless  Network  for  the  British  Empire.  [Iilcctriciaii,  March 
12,  1920.) — Marconi's  Wireless  Telegraph  Company  has  pro- 
posed to  the  Imperial  Wireless  Sub-committee  to  establish  a 
network  connecting  Great  Britain  with  all  other  parts  of  the 
Emjnre,  including  ships  at  sea  between  latitudes  60  N.  and  50  S. 
Twenty-six  main-trunk  stations  would  be  built,  fiye  of  which 
would  be  in  (ireat  lUitain.  The  staff,  some  thousands  in  number, 
would  all  be  ]'>ritish  subjects.  The  white  members  would  belong 
to  reserve  military  or  nayal  units.  G.  F.  S. 


THEORETICAL  MAXIMUM  PRESSURE  DEVELOPED 
IN  OWN  VOLUME  BY  THIRTEEN  MILITARY 
EXPLOSIVES.* 

BY 

J.  E.  CRAWSHAW, 

Explosives  Testing  EnKinecr,  Bureau  of  Mines. 

During  the  World  War,  the  Explosives  Experiment  Station 
of  the  Bureau  of  Mines  carried  out  at  the  request  of.  and  in 
cooperation  with,  the  Ordnance  Department  of  the  U.  S.  Army, 
physical  tests  of  the  different  explosives  used  for  shell-loading, 
bombs  and  similar  purposes.  Among  the  different  tests  carried 
out,  one  of  the  most  important,  if  not  the  most  important  test,  is 
the  Theoretical  Maximum  Pressure  Developed  in  Own  Volume, 
as  this  test  shows  directly  the  power  available  in  the  explosive 
for  demolition  purposes  and  shell  fragmentation,  and  correlated 
with  the  rate  of  detonation  of  the  explosive,  is  of  great  value  in 
selecting  the  explosive  for  any  desired  purpose. 

The  maximum  pressure  of  an  explosive  in  its  own  volume  is 
the  pressure  an  explosive  would  exert  if  exploded  or  detonated 
in  a  space  that  it  fills  completely,  all  the  heat  set  free  by  the 
chemical  reactions  that  take  place  being  retained  by  the  products 
of  the  explosion.  A  part  of  this  heat  is  absorbed  through  the 
confining  surface.  By  varying  the  confining  surface,  its  heat- 
absorbing  effect  is  measured  and  combining  this  measurement 
with  the  recorded  pressure,  the  total  pressure  is  calculated. 

The  Bichel  pressure  gauges  are  used  for  this  purpose.  The 
volume  of  the  gauges  is  15  litres  and  the  cooling  surfaces  used  are 
(A)  3914  square  centimetres,  (B)  6555  square  centimetres,  and 
(C)  7624  square  centimetres.  An  indicator  gauge  similar  to  a 
steam  indicator  gauge  on  the  Bichel  pressure  gauge  records  the 
pressure  on  a  revolving  drum. 

The  pressure  in  own  volume  is  computed  by  the   formula 

*  Published  by  permission  of  the  Chief  of  Ordnance  and  the  Director 
of  the  U.  S.  Bureau  of  Mines. 
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VPS 
-^=  -^     in  which  J^  represents  the  vokime  of  the  Bichel  gauge, 

which  is  always  15,000  cubic  centimetres;  S,  the  specific  gravity 
of  the  material  and  IV  the  weight  in  grams  of  the  charge  used 
in  the  test.  P  is  determined  by  means  of  the  formula  P  =  1.91  lA 
+  0.55  -  1.41  iC  in  which  P  represents  the  pressure  with  elimina- 
tion of  cooling  surface  and  probable  error.  This  formula  ex- 
presses the  geometrical  relation  obtained  by  plotting  the  average 
pressure  developed  in  two  tests  agreeing  within  5  per  cent,  for 
each  cooling  surface  against  the  area  of  the  cooling  surface,  the 
line  drawn  through  the  three  points  being  extended  to  the  ordi- 
nate or  zero  cooling  surface.  By  plotting  the  pressures  against 
the  cooling  surfaces  the  effect  of  the  cooling  surfaces  is  deter- 
mined and  eliminated. 

In  making  the  tests,  200  grams  of  the  explosive  was  loaded 
in  an  8-oz.  glass  bottle  and  a  No.  8  electric  detonator  embedded 
full  length  in  the  charge.  A  layer  of  dry  plaster-of-Paris  was 
then  placed  on  top  of  the  explosive  and  detonator,  after  which 
the  bottle  was  sealed  with  wet  plaster-of-Paris,  which  was  allowed 
to  set  before  making  the  test.  The  prepared  charge  was  then 
exploded  in  the  Bichel  pressure  gage  evacuated  to  50  milli- 
metres pressure. 

Samples  M-2302^  of  80/20  amatol  (acutally  85/15  amatol), 
M  -  2303  of  60/40  sodatol,  ilf-2325  of  trinitroxylene  and 
M-2344  of  trinitronaphthalene  would  not  detonate  completely 
under  the  above  conditions.  The  method  of  preparing  the  charge 
was  then  modified  by  inserting  in  the  explosive  charge  a  24-gram 
booster  of  tetryl  (M-2326)  packed  in  a  test  tube.  The  No.  8 
electric  detonator  was  embedded  in  the  booster  charge.  The 
bottle  was  then  sealed  as  above,  and  exploded  in  the  Bichel  gauge 
evacuated  to  50  millimetres  pressure. 

Sample  M  -  2307  of  ammonium  picrate  would  not  detonate 
completely  in  vacuum  with  a  booster  either  of  tetryl  or  picric 
acid.  Acordingly,  the  test  was  carried  out  at  atmospheric  pres- 
sure in  the  Bichel  gauge,  using  a  picric  acid  booster  {M  -  2308). 
The  tests  were  usually  made  in  duplicate  within  5  per  cent. 
But  on  certain  explosives,  where  irregular  results  were  obtained, 

'  Record  number  on  office  key-card,   Bureau  of  Mines. 
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in  spite  of  every  precaution  the  average  of  all  tests  was  taken  as 
giving  the  more  accurate  result. 

In  calculating  the  results  of  those  explosives  where  a  booster 
was  used  the  effect  of  the  booster  was  eliminated  from  the  value 
for  P  (pressure  eliminating  the  effect  of  cooling  surface),  as 
follows:  P  =  P-^-  P^  where  Pi  =  pressure  (of  explosive  and 
booster)  after  elimination  of  surface  influence  P2  =  Pressure  of 
booster  after  elimination  of  surface  influence  (9.287  kilograms 
per  square  centimetre  for  24  grams  tetryl,  8.642  kilograms  per 
square  centimetre  for  24  grams  picric  acid). 

As  density  has  a  very  important  effect  on  the  theoretical  maxi- 
mum pressure,  and  as  these  explosives  may  be  used  at  widely 
varj'ing  densities,  the  results  of  each  explosive  are  given  in  a  table 
showing  the  theoretical  maximum  pressure  for  densities  of  loading 
varying  over  the  limits  which  may  be  used. 

The  details  of  the  tests  are  as  follows  : 

Af-2302  of  80/20  amatol  (actually  85/15  amatol). 

24  gram  booster  of  tetryl  {M-22,26). 

Indicator  spring  0.32  millimetre  =  i  kilogram  per  square  centimetre. 


Date 
1919 


Test  No. 


Charge 

Specific 
gravity 

Grams 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

200 

1.02 

Height 
of  curve 


per  square 

Cooling 

centimetre 

surface 

Kilograms 

9125 

A 

94-53 

A 

96.09 

A 

89.84" 

B 

81.25 

B 

82.03 

B 

86.72 

C 

75-oo« 

C 

82.81 

C 

Average 

pressure 

per  square 

centimetre 


March  14. 
March  14. 
March  14. 

March  14. 
March  14. 
March  14. 

March  14. 
March  14. 
March  17. 


P-1721 
P-1723 

P-l'J22 

pp-2301 

PP-22,02 
PP-2303 

PP-2304 
PP-2305 
PP-2306 


Millimetres 
36.50b 
30.25 
30.75 

28.75 
26.00 
26.25 

2775 
24.00 
26.50 


Kilograms 


9396 


81.64 


84.77 


•  Not  included  in  average.     No  apparent  reason  for  high  result. 

b  Indicator  spring  0.40  millimetres  =  i  kilogram  per  square  centimetre. 

<  Not  included  in  average.     No  apparent  reason  for  low  result. 


P—  (\.giiA  +0.55 
centimetre. 


1.411C) — 9.287  =  91.48     kilograms     per     square 
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Table  I. 
Theoretical   Maximum  Pressure  in  Own  Volume  of 
Sample  M-2^02  oi  80/20  Amatol  {actually  85/15 
Amatol)    at    Densities  of  Loading    Varying  from 
1.30  to  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

1.30 

8919 

126860 

1-35 

9262 

I3134O 

1.40 

9605 

I3661O 

145 

9948 

I4I49O 

1.50 

10292 

146390 

1-55 

10635 

I5127O 

1.60 

10978 

I5615O 

.I/-2303  of  60/40  sodatol. 

24  gram  booster  of  tetryl  (M-2326). 

Indicator  spring  0.32  millimetre  =  i  kilogram  per  square  centimetre. 


Date 
1919 


Test  No. 

Charge 

Specific 
gravity 

Crams 

P-1726 

200 

1. 21 

P-1727 

200 

1. 21 

PP-2309 

200 

1. 21 

PP-2310 

200 

1. 21 

PP-2311 

200 

1. 21 

PP-2320 

200 

1. 21 

PP-232 1 

200 

1. 21 

PP-2307 

200 

1. 21 

PP-2308 

200 

1. 2  I 

PP-2324 

200 

1. 21 

PP-2322 

200 

1. 21 

PP-2325 

200 

1. 21 

Height 
of  curve 


Pressure 
per  square 
centimetre 

Cooling 
surface 

Kilograms 

70.62 

A 

68.75 

A 

62.50 

B 

67.19 

B 

60.94 

B 

68.75 

B 

65.62 

B 

67.19 

C 

68.75 

C 

62.50 

C 

65.62 

C 

61.72 

C 

Average 

pressure 

per  square 

centimetre 


March  19 
March  19 

March  18 
March  18 
March  18 
March  21 
March  21 

March  17 
March  18 
March  25 
March  21 
March  25 


Millimetres 
28.25* 
27.50" 

20.00 
21.50 
19.50 
27.50" 
21.00 

21.50 
22.00 
20.00 
21.00 
1975 


Kilograms 
69.68 


65.00 


65.16 


Indicator  spring  0.40  millimetres  =  i  kilogram  per  square  centimetre. 


P=  (1.911^  +  0.5B  —  I.411C) 

centimetre. 


9.2S7  zz:  y2.y2     kilograms      per     square 


^[ay.  ii)JO.  1 
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Table  II. 
Theoretkal  Maximum  Pressure   in  Own   Volume  of 
Sample  iU-2303  of  60/40  Sodalol  at  Densities  of 
Loading  Varying  from  1.50  to  1.80. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

1.50 

8294 

1 1 7970 

1-55 

8570 

121890 

1.60 

8846 

125820 

1.65 

9123 

129760 

1.70 

9399 

133680 

175 

9676 

137620 

1.80 

9952 

141550 

Sample  3/-2304  of  50/50  amatol. 

Indicator  spring  0.40  millimetre  =  i  kilogram  per  square  centimetre. 


Date 

1918 

Test  No. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Grams 

Millimetres 

Kilograms 

Kilograms 

Nov 
Nov 

.  II  .  .  .  . 
.  22 .   .  .  . 

P-1674'' 
P-1675 

200 
200 

1.30 
1.30 

23-50 
29.25 

7344 
73.12 

A 
A 

73.28 

Nov 

. 27. ... 

PP-2196 
2197 
2198 
2199 

200 
200 
200 
200 

1.30 
1.30 
1.30 
1.30 

29.50 
27.00 

28.75 
28.25 

73-75 
67.50 
71.88 
70.62 

B 
B 
B 
B 

70.90 

2200 

200 

1.30 

26.75 

66.88 

C 

2201 
2202 

200 
200 

1.30 
1.30 

28.50 
28.75 

71-25 
71.88 

C 

c 

70.00 

'  Indicator  spring  0.32=1  kilogram  per  square  centimetre. 


P  =r  i.yii.-J  +  0.5/i  ^  1.411C  =  76.72    kilograms    per    square    centimetre. 
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Sample  Jlf-2304  of  50/50  Amatol  at  Densities  of 
Loading  Varying  from  i  .30  to  i  .60. 
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Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

1-30 

7480 

106390 

1-35 

7768 

I I 0490 

1.40 

8056 

1 14580 

1-45 

8343 

1 1 8660 

1.50 

8631 

122760 

1-55 

8919 

126860 

1.60 

9207 

130960 

Sample  M-2305  of  TNA. 

Indicator   spring  0.40   millimetre  ^  i   kilogram   per   square   centimetre. 


Date 
1919 

Test  No. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Grams 

Millimetres 

Kilograms 

Kilograms 

Feb.  26 

Feb.  26 

P-1704 
P-1705 

200 
.    200 

0.87 

.87 

31.00 
29.50 

77-50 

73-75 

A 
A 

75-63 

Feb.  21 

PP-2274 
2272 

200 
200 

.87 
.87 

27.50 
26.50 

68.75 
66.25'' 

B 
B 

2273 

200 

.87 

28.50 

71-25 

B 

70.00 

2275 
2276 

200 
200 

.87 

.87 

28.00 
27.25 

70.00 
68.12 

C 
C 

69.06 

"  Omitted  from  average.     No  apparent  reason  for  low  result. 
P=  1.911/J  +  0.5S  —  i.4iiC  =  82.09  kilograms  per  square  centimetre. 
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Table  IV. 

Theoretical  Maximum  Pressure  of  Sample  M-2^o$ 
of  TN  A  at  Densities  of  Loading  Varyingfrom  0.80 
to  1.60. 


Kilograms 



Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4925 

70050 

.85 

5233 

74430 

.90 

5541 

78810 

•95 

5849 

83090 

1. 00 

6159 

87570 

1.05 

6465 

91950 

1. 10 

6772 

96320 

115 

7080 

100700 

1.20 

7388 

105080 

1-25 

7696 

109460 

1.30 

8004 

1 13840 

1-35 

8312 

I 18220 

1.40 

8619 

122590 

145 

8927 

126970 

1.50 

9235 

I31350 

1-55 

9534 

135730 

1.60 

9851 

14OIIO 

Sample  M-22,07  of  ammonium  picrate. 

Fired  at  atmospheric  pressure  in  gauge. 

24  gram  booster  of  picric  acid  (il/-23o8-/i). 

Indicator  spring  0.40  millimetre  =  i  kilogram  per  square  centimetre. 


Date 

1919 


Test  Xo. 


Charge 


Specific 
gravity 


Height 
of  curve 


Pressure 
per  square 
centimetre 


Cooling 
surface 


Average 

pressure 

per  square 

centimetre 


March  20. 
March  20. 
March  21. 

March  21. 
March  21. 
March  21. 

March  21. 
March  23. 


P-1730 
P-1731 
P-1732 

PP-2316 
PP-2317 
PP-2318 

PP-2319 
PP-2323 


Grams 

200 
200 
200 

200 
200 
200 

200 
200 


0.82 
.82 
.82 

.82 
.82 
.82 

.82 
.82 


Millimetres 

31-25 
29.00 
32.00 

30.75 
28.50 
29.00 

28.50 
27.50 


Kilograms 
78.12 
72-50* 
80.00 

76.88'> 

71-25 
72.50 

71-25 
68.75 


Kilograms 


79.06 


7i.{ 


70.00 


•  Xo  apparent  reason  for  low  result. 
''  Xo  apparent  reason  for  high  result. 


P=  (1.911^  -\-o.sB 
centimetre. 


141  iC) — 8.642=179.61     kilograms     per     square 
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Table  V. 
Theoretical  Maximum  Pressure  of  Sample  M-2307 
of  Ammonium  Picrate  at  Densities   of  Loading 
Varying  from  0.80  to  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4777 

67940 

.85 

5075 

72180 

.90 

5374 

76440 

•95 

5672 

80670 

1. 00 

5971 

84930 

1.05 

6269 

89170 

1. 10 

6568 

93420 

1-15 

6866 

97660 

1.20 

7165 

IOI910 

1-25 

7463 

IO6150 

1.30 

7762 

1 10400 

1-35 

8061 

1 14650 

1.40 

8359 

1 1 8890 

1-45 

.      8658 

12314O 

1.50 

8956 

127380 

1-55 

9255 

13 1640 

1.60 

9553 

135870 

Sample  M-2308-.'i  of  picric  acid. 

Indicator  spring  0.60  millimetre  =^  i  kilogram  per  square  centimetre. 


Date 

Test  No. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Grams 

Millimetres 

Kilograms 

Kiloerams 

Dec.  14, 1918 
Feb. 10, 1919 

P-1692 
P-1698 

200 
200 

0-94 
•94 

25-25'' 
3925 

63.12 
65.42 

A 
A 

64.27 

Dec.  13, 1918 
Feb. 12, 1919 
Dec.  13, 1918 

PP-2235 
PP-2261 
PP-2234 

200 
200 
200 

-94 
•94 
•94 

35-75 
36-50 
34.00 

59-58 
60.83 
56.67 

B 
B 
B 

59-03 

Dec.  13, 1918 
Dec.  13, 1918 
Dec.  13, 1918 
Dec.  13, 19 1 8 

PP-2229 
PP-2230 
PP-2232 
pp_2233 

200 
200 
200 
200 

•94 
•94 
•94 
•94 

21-75" 
37-25 
25-25 
3 1  50 

54-38 
62.08 

58.75 
52.50 

C 
C 
C 
C 

56.93 

Indicator  spring  0.40  millimetres-  1  kilogram  per  square  centimetre. 


/' =  1.911/I  +  0.5/? — 1.41  jC"  =  72.o_'    kilograms    per    stjuare    centimetre. 
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Table  VI. 

Theoretical  Maximum  Pressure  of  Sample  Af-2308 — 
.4  of  Picric  Acid  at  Densities  of  Loading  Varying 
from  0.80  to  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4321 

61460 

.85 

4591 

65300 

.90 

4861 

69140 

•95 

513I 

72980 

1. 00 

5402 

76830 

1.05 

5672 

80670 

1. 10 

5942 

84510 

115 

6212 

88350 

1.20 

6482 

92190 

125 

6752 

96040 

1.30 

7022 

99880 

1-35 

7292 

103720 

1.40 

7562 

107560 

145 

7832 

1 1 1400 

1.50 

8102 

1 15240 

1-55 

8372 

1 19080 

1.60 

8642 

122920 

Sample  M-22,20  of  grade  I  TNT. 

Indicator  spring  0.40  millimetre  =1  i  kilogram  per  square  centimetre. 


Date 

I9I8 


Test  No. 


Charge 


Specific 
gravity 


Height 
of  curve 


Pressure 
per  square 
centimetre 


Cooling 
surface 


Average 

pressure 

per  square 

centimetre 


Nov.  21  . 
Dec.  5.. 
Dec.  5.. 

Nov.  29 . 
Nov.  29 . 

Nov.  29 . 
Nov.  29 . 


P-1673 
P-1685 
P-1686 

PP-220-J 
PP-2208 

PP-2205 
PP-2206 


Grams 
200 
200 
200 

200 
200 

200 
200 


0.91 
•91 
•91 

•91 
•91 

•91 
.91 


Millimetres 
20.50« 
38.00' 
37-25* 

2575 
24.50 

2475 
24.50 


Kilograms 

64.06 

63-33 
62.08 

64.38 
61.25 

61.88 
61.25 


Kilograms 

63.16 
62.82 
61.56 


»  Indicator  spring  0.32  millimetres  =  i  kilogram  per  square  centimetre. 
''Indicator  spring  0.60  millimetres^!  kilogram  per  square  centimetre. 

P  =^  i.giiA -\- o.^B  —  i.4iiC  =  65.58  kilograms    per   square   centimetre. 
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Table  VII. 

Theoretical  Maximum  Pressure  of  Sample  iV/-2320 
of  Grade  I  TNT  at  Densities  of  Loading  Varying 
from  0.80/0  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

3935 

55970 

.85 

4181 

59470 

.90 

4427 

62970 

•95 

4673 

66470 

1. 00 

4919 

69960 

1.05 

5164 

73450 

1. 10 

5410 

76950 

I-I5 

5656 

80450 

1.20 

5902 

83950 

1-25 

6148 

87440 

1.30 

6394 

90940 

1-35 

6640 

94440 

1.40 

6886 

97940 

1-45 

7132 

IOI44O 

1-50 

7378 

104940 

1-55 

7624 

108440 

1.60 

7870 

1 1 1940 

\ 


Sample  M-22,21  of  grade  II  TNT. 

Indicator  spring  0.60  millimetre  =  i  kilogram  per  square  centimetre. 


Date 
1918 

Test  No. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Dec.  3 

P-1680 
P-1682 

PP-2209 
PP-2210 

PP-22  I  I 
PP-2212 

Grams 
200 
200 

200 
200 

200 
200 

0.91 
-91 

.91 
-91 

-91 
.91 

Millimetres 
38.00 

39-75 

35-75 
35-50 

35-25 
35-50 

Kilograms 

63-33 
66.25 

59-59 
59-17 

58-75 
59-17 

A 

A 

B 
B 

C 
C 

Kilograms 
64.79 

59-38 

58-96 

P  =^  1.911A  +  0.5B  —  i.4iiC  =  70.31   kilograms  per  square  centimetre. 
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Table  VIII. 

Theoretical  Maximum  Pressure  of  Sample  iV/-232i 
of  Grade  II  TNT  at  Densities  of  Loading  Varying 
from  0.80  to  1 .60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4219 

60010 

•85 

4482 

63750 

.90 

4746 

67500 

•95 

5010 

71260 

1. 00 

5273 

75000 

1.05 

5537 

78750 

1. 10 

5801 

82510 

115 

6064 

86250 

1.20 

6328 

90000 

125 

6592 

93760 

1.30 

6855 

97500 

1-35 

7119 

100250 

1.40 

7383 

IO5OIO 

1-45 

7646 

108750 

1.50 

7910 

II251O 

1-55 

8174 

1 16260 

1.60 

8437 

120000 

Sample  M-232S  of  grade  III  TNT. 

Indicator  spring  0.60  millimetre  =  i  kilogram  per  square  centimetre. 


Date 
1918 


Test  No. 


Charge 

Specific 
gravity 

Grams 

200 

0.91 

200 

•91 

200 

•91 

200 

•91 

200 

•91 

200 

■91 

200 

•91 

200 

•91 

Height 
of  curve 


Pressure 
per  square 
centimetre 


Cooling 
surface 


Average 

pressure 

per  square 

centimetre 


Dec.  4. 


Dec.  5. 
Dec.  5. 


P-1683 
P-1684 

PP-2213 
PP-2215 
PP-2219 
PP-2220 


Dec.  5 PP-2216 

Dec.  5 1  PP-2218 


Millimetres 
38.00 
36.50 

38.25 

37-25 
34-25 
35-25 

35-75 
35-25 


Kilograms 

63-33 
60.83 

63-75 
62.08 
57.08 
58.75 

59.58 
58.75 


Kilograms 
62.08 


60.42 

59-16 


P  =  1.911^  +  0.55  —  i.4iiC  =  65.37    kilograms    per    square    centimetre. 
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Table  IX. 

Theoretical  Maximum  Pressure  of  Sample  M-2328 
of  Grade  III  TN  T  at  Densities  of  Loading  Varying 
from  0.80  to  1 .60. 


1 

Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

3922 

55780 

85 

4167 

59270 

90 

4412 

62750 

95 

4658 

66250 

00 

4903 

69740 

05 

5148 

73220 

10 

5393 

76710 

15 

5638 

80190 

20 

5883 

83680 

25 

6128 

87160 

30 

6374 

90660 

35 

6619 

94140 

40 

6864 

97630 

45 

7109 

lOIIIO 

50 

7354 

104600 

55 

7599 

108080 

60 

7844 

I  I  1570 

Sample  M-2325  of  trinitroxylene. 

24  gram  booster  of  tetryl  (j'l/-2326). 

Indicator  spring  0.40  millimetre  =  i  kilogram  per  square  centimetre. 


I 


Date 
1919 

Test  \o. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Mar.  13.  .  .  . 

P-1719 
P-1720 

PP-2299 
PP-23OO 

PP-22()7 
/'P-2298 

Grams 
200 
200 

200 
200 

200 
200 

0.82 

.82 

.82 
.82 

.82 
.82 

Millimetres 
2350 
22.75 

22.00 
22.25 

21.25 
21.50 

Kilograms 

58-75 
56.88 

55-00 
55-62 

53-12 
53-75 

A 
A 

B 
B 

C 
C 

Kilograms 
57-82 

55-31 
53-44 

I'  =:  (i.iji  i.i  +  0.5/i  —  1.41  iC")  —9.287  =  53.46      kilograms      per      square 
centimetre. 


^ray.  19-0.]        Theoretical  Maximum  Pressure. 
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Table  X. 
Theoretical  Maximum  Pressure  of  Sample  M-2^25 
of  Trinitroxylene  at  Densities  of  Loading  Varying 
from  0.80  to  1.60. 


-I 

Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

3208 

45630 

•85 

3408 

48470 

.90 

3609 

51330 

■95 

3809 

54180 

1. 00 

4010 

57040 

1.05 

4210 

59880 

1. 10 

4410 

62720 

115 

461 1 

65580 

1.20 

481 1 

68430 

125 

5012 

71290 

1.30 

5212 

74130 

1-35 

5413 

76990 

1.40 

5613 

79830 

1-45 

5814 

82690 

1.50 

6014 

85540 

1-55 

6215 

88390 

1.60 

6415 

91240 

Sample  M-2226  of  tetryl. 
Indicator  spring  0.40  millimetre 


I  kilogram  per  square  centimetre. 


Average 

Date 

Test  No. 

Charge 

Specific 

Height 

per  square 

Cooling 

pressure 

1919 

gravity 

of  curve 

centimetre 

surface 

per  square 
centimetre 

Grams 

Millimetres 

Kilograms 

Kilograms 

Feb.  26 

P-1706 

200 

0.99 

28.75 

71.88 

A 

Feb.  26 

P-1707 

200 

•99 

26.75 

66.88 

A 

Feb.  27 

P-1708 

200 

•99 

3125 

78.12 

A 

Feb.  27 

P-I709 

200 

•99 

27.50 

68.75 

A 

71.41 

Feb.  21 

PP-2269 

200 

•99 

28.50 

71-25 

B 

Feb.  21 

PP-2271 

200 

•99 

27-50 

68.75 

B 

70.00 

Feb.  20 

PP-2266 

200 

•99 

27.00 

67.50 

C 

Feb.  20 

PP-2267 

200 

•99 

26.50 

66.25 

C 

Feb.  21 

PP-2270 

200 

•99 

26.50 

66.25 

C 

66.67 

P—i.giiA+o.sB  —  i.4iiC  =  77.39    kilograms    per    square    centimetre. 
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Table  XI. 

Theoretical  Maximum  Pressure  of  Sample  M-2326 
of  Tetryl  at  Densities  of  Loading  Varying  irom 
0.80  to  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4643 

66040 

•85 

4934 

70180 

.90 

5224 

74300 

•95 

5514 

78430 

1. 00 

5804 

82550 

1.05 

6094 

86680 

1. 10 

6385 

90820 

I-I5 

6675 

94940 

1.20 

6965 

99060 

1-25 

7255 

IO319O 

1.30 

7546 

107330 

1-35 

7836 

1 1 1450 

1.40 

8126 

1 15580 

1-45 

8416 

1 19700 

1.50 

8706 

123830 

1-55 

9196 

127960 

1.60 

9486 

132090 

Sample  M-2326  of  hexanitrodiphenylaminc. 

Indicator  spring  0.40  millimetre  =  i  kilogram  per  square  centimetre. 


Date 
1919 

Test  Xo. 

Charge 

Specific 
gravity 

Height 
of  curve 

Pressure 
per  square 
centimetre 

Cooling 
surface 

Average 

pressure 

per  square 

centimetre 

Feb.  14 

Feb.  18 

P-1702 
P-1703 

PP-2262 
PP-2263 

PP-2264 
PP-2265 

Crams 
200 
200 

200 
200 

200 
200 

0.81 
.81 

.81 
.81 

.81 
.81 

Millimetres 

28.75 
28.50 

23-75 
24.50 

23-50 
24-25 

Kilograms 
71.88 
71-25 

59-38 
61.25 

58.75 
60.62 

A 

A 

B 
B 

C 
C 

Kilograms 

71-57 
60.32 

59-69 

P  ^  1.911/i  +  0.5/i  —  i.4iiC  =  82.71    kilograms   per   square   centimetre. 


May.  1020.]        Theoretical  Maximum  Pressure. 
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T.\BLE   XII. 

Theoretical  Maximum  Pressure  of  Sample  Af-2336  of 
Hexanilrodiphenylamine  at  Densities  of  Loading 
Varying  from  0.80  to  160. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

4963 

70590 

■85 

5273 

75000 

.90 

5583 

79410 

•95 

5893 

83820 

1. 00 

6203 

88230 

1.05 

6513 

92640 

1. 10 

6824 

97060 

115 

7134 

IOI47O 

1.20 

7444 

105880 

1-25 

7754 

1 10290 

1.30 

8064 

1 14700 

1-35 

8374 

II91IO 

1.40 

8685 

123530 

145 

8995 

127940 

1.50 

9305 

132350 

1-55 

9615 

136760 

1.60 

9925 

14117O 

Sample  M-2344  of  trinitronaphthalene. 

24  gram  booster  of  tetryl  (M-2326). 

Indicator  spring  0.40  millimetre  ^  l  kilogram  per  square  centimetre. 


Date 
1919 


Test  Xo. 


Charge 

Specific 
gravity 

Grams 

200 

0.99 

200 

•99 

200 

■99 

200 

•99 

200 

•99 

200 

•99 

200 

•99 

200 

•99 

Height 
of  curve 


Pressure 
per  square 
centimetre 


Cooling 
surface 


Average 

pressure 

per  square 

centimetre 


March  10. 
March  11. 


March  12. 


P-1716 

P-1717 
P-1718 

PP-2292 
PP-2293 
PP-2294 

PP-2295 
PP-2296 


Millimetres 
22.25" 

25-75 
26.00 

23.00 
24.50 
25^25 

25-25 
24.00 


Kilograms 

69-53'' 

64.38 

65.00 

57^5o<' 
61.25 
63.12 

63.12 
60.00 


Kilograms 
64.69 

62.19 
61.56 


»  Indicator  spring  0.32  millimetres  =  I  kilogram  per  square  centimetre. 
*■  Xo  apparent  reason  for  high  result. 
«  Xo  apparent  reason  for  low  result. 


P  =  1.911^  +o.55^i4iiC  —  9.287  =  58.57 
centimetre. 


kilograms      per      square 
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Table  XIII. 

Theoretical  Maximum  Pressure  of  Sample  Af-2344 
of  Trinitronaphthalene  at  Densities  of  Loading 
Varying  from  0.80  to  1.60. 


Kilograms 

Pounds 

Density 

per  square 

per  square 

centimetre 

inch 

.80 

3514 

49980 

•85 

3734 

53IIO 

.90 

3953 

56220 

•95 

4173 

59350 

1. 00 

4393 

62480 

1.05 

4612 

65600 

1. 10 

4832 

68730 

115 

5052 

71860 

1.20 

5271 

74970 

125 

5491 

78100 

1.30 

5711 

81230 

1-35 

5930 

84340 

1.40 

6150 

87470 

145 

6369 

90590 

1.50 

6589 

93720 

1-55 

6809 

96850 

1.60 

7029 

99980 

May,  1020.]        Theoretical  Maximum  Pressure. 
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Xo  comparison  is  made  between  the  strength  of  these  ex- 
plosives as  shown  by  the  theoretical  maximum  pressure  as  the 
different  explosives  are  not  all  used  at  the  same  density.  How- 
ever. Tables  Xl\'  and  XV  furnish  the  data  so  that  an  explosive 
at  one  density  may  be  compared  with  any  other  explosive  at  a 
selected  density. 

The  author  wishes  to  acknowledge  the  valuable  assistance  ren- 
dered by  the  following  members  of  the  Bureau  of  Mines  Ex- 
plosives Section  and  the  Ordnance  Department,  y.  S.  Army : 

S.  P.  Howell.  Explosives  Engineer,  Bureau  of  Mines,  and 
Lieutenant  W.  V.  Evans,  Ordnance  Department,  U.  S.  Army, 
for  helpful  suggestions  in  carrying  out  the  work;  J.  E.  Tiffany. 
W.  J.  ^lontgomery  and  A.  B.  Coates,  Assistant  Ex^j^losives 
Engineers  of  the  Bureau  of  Mines,  and  Sargent  J.  Pfromme, 
Corporal  C.  E.  Gault,  and  Privates  B.  Lindh  and  F.  Wanner,  for 
their  aid  in  making  the  tests. 


The  December,  1919,  Number  of  the  Transactions  of  the 
Faraday  Society  is  devoted  to  a  discussion  of  "  The  Present  Posi- 
tion of  the  Theory  of  Ionization,"  to  which  Arrhenius  contributes 
a  paper  on  the  evidence  in  favor  of  the  theory.  N.  R.  Dhar  discusses 
Snethlage's  hypothesis  of  the  condition  of  dissolved  electrolytes  and 
finds  it  wanting.  The  fifteen  papers,  with  the  accompanying  dis- 
cussion, form  a  useful  contribution  to  the  study  of  Arrhenius'  theorv. 

G.  F.  S.' 

Oil  and  Gas  Prospects  in  East-central  New  Mexico.  ([/.  S. 
Geological  Survey,  Press  BtiUefin  No.  441.) — The  geologic  struc- 
ture of  parts  of  Xew  Mexico  has  been  under  investigation  during 
the  last  four  years  by  N.  H.  Darton,  a  geologist  of  the  United 
States  Geological  Survey,  Department  of  the  Interior,  who  has 
discovered  in  the  beds  of  rock  many  domes  and  arches  that  may 
be  reservoirs  of  oil  or  gas  if  these  substances  are  present  in  the 
regions  examined.  These  flexed  beds  are  parts  of  geologic  for- 
mations that  produce  oil  in  Wyoming,  Oklahoma,  Kansas,  and 
Texas,  but  in  Xew  Mexico  little  evidence  of  the  presence  of  oil 
and  gas  in  them  has  yet  been  found.  A  small  amount  of  oil  at 
Dayton  and  a  few  seeps  and  some  traces  of  oil  reported  in  water 
wells  at  several  other  places  are  the  only  favorable  indications  so 
far  reported.  Only  a  few  deep  wells  have  been  bored  in  New 
Mexico,  however,  and  these  are  in  places  where  the  structure  is 
not  favorable  for  the  occurrence  of  oil  or  gas,  or  the  wells  were 
not  drilled  deep  enough  to  make  them  satisfactory  tests.  Much 
of  the  geologic  guidance  used  in  locating  the  wells  drilled  has  come 
from  incompetent  "  experts,"  the  presence  of  one  "  dome,"  for  ex- 
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ample,  having  been  deduced  from  haphazard  readings  of  dip 
taken  on  layers  of  cross-bedded  sandstone.  One  probably  hope- 
less project  is  a  deep  hole  in  the  middle  of  Tularosa  Desert,  where 
there  are  no  rock  outcrops  to  indicate  the  structure.  In  some  of 
the  hectic  literature  written  to  promote  the  sale  of  oil  stock  the 
chief  geologist  of  the  United  States  Geological  Survey  is  falsely 
quoted  as  authority  for  the  statement  that  New  Mexico  would 
develop  one  of  the  biggest  oil  fields  on  this  continent. 

Localities  of  Domes  and  Arches. — The  general  structure  of  east- 
central  New  Mexico  is  that  of  an  eastward-dipping  monocline, 
but  there  are  local  reversals  of  dip  due  to  domes  and  arches,  or 
anticlines,  some  of  which  are  rather  prominent.  Only  a  few  of 
the  areas  where  these  structural  features  appear  to  merit  the  atten- 
tion of  the  geologist  and  driller  can  be  mentioned  here.  In 
Guadalupe  County,  for  example,  the  apex  of  one  of  the  most 
clearly  marked  domes  is  in  the  west-central  part  of  T.  11  N.,  R. 
19  E.  The  uplifted  beds,  which  are  2500  feet  thick,  are  of  Permian 
and  Pennsylvanian  age,  and  the  Pennsylvanian  beds  lie  on  granite 
at  a  vertical  depth  of  2000  feet  or  more.  On  Pintada  Creek,  in  the 
centre  of  T.  8  N.,  R.  19  E.,  there  is  a  smaller  dome  involving  the 
same  strata,  and  a  slightly  less  pronounced  dome  is  indicated  in 
the  same  canyon  a  few  miles  above  Pintada  post  office.  There 
are  several  broad,  low  arches  in  the  strata  in  the  northeast  cor- 
ner of  this  county  and  in  adjoining  parts  of  San  Miguel,  the 
next  county  to  the  north.  In  Quay  County  a  broad,  low  anti- 
cline in  the  "  red  beds  "  passes  a  short  distance  east  of  Tucum- 
cari  and  extends  for  some  distance  north  and  south  of  the  Rock 
Island  Railroad.  In  De  Baca  County  the  strata  dip  nearly  due 
east  in  general,  but  a  few  local  reversals  of  dip  suggest  that  minor 
domes  or  arches  may  be  found  when  a  detailed  survey  is  made. 
Lincoln  County  is  traversed  by  a  broad  anticline  that  lies  east  of 
the  Sierra  Blanca  structural  basin  and  passes  near  Lincoln.  In  the 
western  part  of  Lincoln  County  there  are  several  domes  that 
appear  to  be  favorable  for  the  storage  of  oil,  although  there  is  no 
visible  evidence  that  they  contain  oil.  They  are  in  T.  6  S.,  R.  9 
E.,  in  the  northeastern  part  of  T.  9  S.,  R.  8  E.,  and  in  the  centre  of 
T.  5  S.,  R.  12  E.  In  the  eastern  part  of  Socorro  County,  three  miles 
northeast  of  the  Carthage  coal  mines,  there  is  a  notable  elongated 
dome  which  brings  up  the  Mesaverde  coaJl  measures ;  at  Prairie 
Springs  there  is  a  dome  in  the  limestones  of  Permian  age;  and  in 
the  centre  of  T.  2  S..  R.  4  E.,  there  is  a  dome  in  the  Abo  red  beds. 
The  plunging  anticline  at  the  north  end  of  the  Oscura  Mountain 
uplift  is  also  in  the  eastern  part  of  this  county. 

Jl'clls  Should  he  Sunk  Deep. — All  test  wells  sunk  in  this  region 
should  be  carried  entirely  through  the  sedimentary  series,  which 
in  the  domes  and  anticlines  mentioned  is  from  2000  to  3000  feet 
thick  and  at  intervals  from  top  to  bottom  contains  coarse  sands, 
some  of  which  may  be  oil  burning. 


ON  THE  RESISTANCE  OF  DUCTILE  MATERIALS  TO 
COMBINED  STRESSES  IN  TWO  OR  THREE  DIREC- 
TIONS PERPENDICULAR  TO  ONE  ANOTHER.* 

BY 

H.  M.  WESTERGAARD,  Ph.D., 

Department  of  Theoretical  and  Applied  Mechanics.  University  of  Illinois. 

If  two  structural  steel  plates  are  pulled,  the  one  by  a  simple 
tension  in  one  direction  only,  the  other  by  equal  tensions  in  two 
directions  perpendicular  to  one  another,  then  the  question  arises : 
in  wliich  case,  if  the  unit  stresses  are  the  same,  is  there  the 
greater  safety?  For  example,  if  14,000  lbs.  per.  sq.  in.  is  a 
safe  working  stress  in  the  case  of  a  simple  tension,  what  would 
be  the  safe  working  stress  in  the  case  of  equal  tensions  in  the 
two  perpendicular  directions?  Different  answers  to  this  question 
and  to  the  general  question  of  the  resistance  of  materials  to 
combined  stresses  are  given  by  several  different  theories  or 
assumptions,  which  in  the  course  of  time  have  been  proposed  as 
bases  of  design. 

Rankine's  theory,  the  maximum  stress  theory,  states  that  the 
tendency  to  failure  is  measured  by  the  greatest  tensile  or  com- 
pressive unit  stress;  that  is,  with  14,000  lbs.  per  sq.  in.  as  a  work- 
ing stress  in  simple  tension,  the  same  working  unit  stress  would 
be  used  in  biaxial  tension.  Saint-Venant's  maximum  strain 
theory  measures  the  tendency  to  rupture  by  the  greatest  unit- 
elongation  or  unit-shortening,  as  computed  by  the  formulas 
applying  to  deformations  below  the  elastic  limit  (see  the  equations 
given  later).  On  account  of  the  lateral  contraction  effect,  meas- 
ured by  the  so-called  Poisson's  ratio  of  lateral  contraction,  which 
for  steel  is  equal  to  about  0.3,  the  unit-elongation  caused  by 
equal  tensions  in  two  directions  will  be  about  30  per  cent,  less  than 
(or  0.7  of )  the  greatest  unit-elongation  caused  by  the  same  stress 
applied  as  a  simple  tension;  or,  by  Saint-Venant's  theory  the 
working  stress  in  the  case  of  biaxial  equal  tensions,  correspond- 
ing to  14,000  lbs.  per  sq.  in.  in  simple  tension,  should  be  14,0007.7 
=  20,000  lbs.  per  sq.  in.  A  third  theory,  the  maximum,  shear 
theory,  originally  proposed  by  Coulomb  ( 1 773 ) ,  and  adopted  by 
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Guest  (1900)  and  others,  states  that  failure  occurs  when  the 
greatest  shearing  unit  stress  exceeds  a  certain  limit.  In  the  case 
of  biaxial  tension,  the  maximum  shearing  unit  stress  occurs  in 
planes  making  angles  of  45°  with  the  plane  of  the  tensions,  and 
it  is  equal  to  one-half  the  greatest  tensile  unit  stress  (see  more 
complete  formulas  given  below).  Or,  in  the  example  considered, 
a  tensile  stress  of  14,000  lbs.  per  sq.  in.  would  give  the  same  shear, 
7000  lbs.  per  sq.  in.,  whether  it  is  applied  as  a  simple  or  as  a 
biaxial  tension.  That  is,  a  working  stress  of  14,000  lbs.  per  sq.  in. 
in  simple  tension  would  lead  to  the  same  working  stress  for  the 
case  of  biaxial  tensions.  Other  theories  have  also  been  proposed ; 
one,  to  which  particular  attention  will  be  given  in  this  discussion, 
was  indicated  by  A.  J.  Becker  ^  as  a  result  of  a  recent  experi- 
mental investigation.  This  theory  leads  in  the  above  example  to  a 
working  stress  which  would  be  between  the  extreme  values, 
14,000  lbs.  per  sq.  in.  and  20,000  lbs.  per  sq.  in.,  as  found  by 
the  preceding  theories. 

The  question  of  the  resistance  to  compound  stress  is  of  well 
recognized  importance.  Biaxial  stresses  occur  in  boilers,  which 
must  resist  circumferential  as  well  as  longitudinal  stresses;  in 
plates  which  are  supported  all  around  the  edge  and  are  bent  by 
a  pressure  from  the  side ;  in  shafts  which  are  bent  and  twisted 
at  the  same  time.  For  that  matter,  any  case  of  pure  shear  is  an 
example  of  biaxial  stress,  Ijecause  a  shear  is  actually  a  tension 
combined  with  an  equal  compression  in  directions  making  45° 
angles  with  the  shearing  stresses.     Compressions  in  three  direc- 

'  A.  J.  Becker:  The  Strength  and  Stiffness  of  Steel  under  Biaxial  Load- 
ing, Univ.  of  Illinois,  Eng.  Exp.  Sta.  Bull.  85,  1916.  This  bulletin,  besides 
reporting  the  author's  tests,  discusses  the  general  problem  of  the  resistance 
to  combined  stresses,  and  gives  a  bibliography.  Among  the  preceding  works 
should  be  mentioned:  O.  Mohr's  discussion,  "  Welche  Umstiinde  bedingen 
die  Elastizitatsgrenze  und  den  Bruch  eines  Materials?"  Zeitschr.  dcs  V'ercins 
Dcutschcr  lugcnicurr,  1900,  p.  1524,  p.  1572  (also  in  his  Abhandlungen  auf 
dem  Gebiete  der  technischen  Mechanik,  2  ed.,  1914,  pp.  192-235)  ;  works  by 
J.  Guest  (Phil.  Magazine,  July,  1900)  ;  W.  Scoble  {Phil.  Magazine,  1906,  p. 
553)  ;  C.  A.  Smith  {Engineering,  July  10,  1908,  March  5,  August  20,  Decem- 
ber 24,  1909)  ;  L.  B.  Turner  {Engineering,  February  5,  12,  1909)  ;  W.  Mason 
{Engineering,  December  24,  1909)  ;  Cook  and  Robertson  {Engineering,  Decem- 
ber IS,  191 1 )  ;  and  P.  Wr  Bridgman,  {Phil.  Magazine,  July,  1912)  ;  also  works 
by  Foppl,  Voight,  and  Karniaii.  A  general  discussion  of  the  causes  of 
failure  is  found,  for  cxam])le,  in  J.  K.  Boyd,  Strength  of  Materials,  2  ed., 
1917,  Chapter  17. 
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tions  cxTcur  in  hooped  gims  and  in  other  thick  cyhnders,  and 
in  spiral  reinforced  concrete  columns;  in  these  cases  the  in- 
crease of  strength,  when  compressions  act  in  three  directions, 
is  utilized. 

The  test  data  now  at  hand,  although  extensive,  are  limited 
when  compared  with  the  variety  of  stress  combinations  which 
would  have  to  be  tried  in  order  to  find  the  complete  law  of 
strength  and  failure  even  for  one  single  material.  Some  of 
the  combinations,  for  example,  three  equal  tensions,  are  difificult 
to  produce.  The  field  best  covered  by  experiment,  as  far  as 
ductile  materials  are  concerned,  is  that  of  biaxial  stresses  or 
plane  stresses,  such  as  occur  in  a  plate  resisting  stresses  in  its  own 
plane  only  (see  the  works  quoted  in  the  previous  footnote).  The 
result  of  the  incompleteness  of  test  data  is  that  we  are,  as  yet, 
in  the  stage  of  partially  or  approximately  verified  hypotheses. 
Further  data  are  needed  to  verify  or  overthrow  the  working 
hypothesis  which  agrees  best  at  present  with  experimental  results, 
and  which  may  have  been  selected,  in  view  of  the  fact  that  designs 
must  be  made,  as  the  best  present  choice;  such  a  hypothesis  may 
be  satisfactory  as  an  approximation  and  as  the  best  choice  that 
can  be  made  until  further  information  is  available. 

It  is  natural  to  select  the  simplest  hypothesis  which  can  be 
made  to  agree  approximately  with  available  data.  Thus,  when 
only  few^  data  were  known  Rankine's  maximum  stress  theory 
was  acceptable  as  the  preferred  hypothesis.  When  the  importance 
of  the  difference  which  exists  between  the  deformations  caused 
by  simple  stresses  and  those  caused  by  compound  stresses  of  the 
same  intensity  was  realized,  then  Saint-Venant's  maximum  strain 
theory  gained  ground,  and  for  quite  a  long  time  it  was  used 
extensively  as  a  basis  of  design,  particularly  in  Europe.  But 
later  the  experiments  made  by  Guest  and  others,  from  about  1900 
on  (see  previous  footnote),  showed  a  better  agreement  with  the 
maximum  shear  theory  (Coulomb's  hypothesis,  1773,  Guest's 
law,  1900)  than  with  either  the  maximum  stress  or  the  maximum 
strain  theories,  and  thus  it  was  finally  experimentally  established 
that  if  one  of  the  three  hypotheses  mentioned  is  to  be  selected 
as  applying  to  the  biaxial  (plane)  state  of  stresses  in  ductile 
materials,  then  Guest's  law  is  preferable.  It  appears,  however, 
that  at  different  combinations  of  the  stresses  different  laws  might 
apply.    In  fact,  A.  J.  Becker  found,  as  a  result  of  his  above-quoted 
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tests  (1916),  that  with  some  combinations  of  biaxial  stresses 
failure  occurred  at  an  almost  constant  maximum  elongation,  while 
with  other  combinations  failure  occurred  at  an  almost  constant 
maximum  shear.  This  result  led  Becker  to  a  inaxiiiiuui  shear 
and  maxiuium  strain  theory,  according  to  which  failure  begins 
when  either  the  shear  or,  the  strain  reaches  limiting  values.  He 
also  found,  upon  a  closer  examination,  that  this  conclusion  was 
supported  by  the  data  from  previous  tests.  Later  experimental 
work  (which  will  be  mentioned  presently)  has  pointed  in  the 
same  direction. 

If  two  different  laws  govern  the  failure,  then  it  becomes  im- 
portant to  know  the  field  within  which  each  law  applies.  A 
clear  representation  of  the  different  laws  is  obtained  most  simply 
by  adopting  some  graphical  representation  of  the  state  of  stresses. 
In  the  general  case  there  are,  at  a  given  point,  stresses  in  all  direc- 
tions; among  these  there  are  the  three  "principal  directions," 
perpendicular  to  one  another,  in  which  there  are  no  shears.  The 
normal  stresses  (tensions  or  compressions)  in  these  directions 
are  called  the  "  principal  stresses."  The  principal  stresses 
and  their  directions  determine  completely  the  state  of  stresses 
and  of  deformations  at  the  point.  One  of  the  principal  stresses  is 
the  greatest,  another  the  smallest  (largest  negative)  of  all  the 
stresses  at  the  point.  The  maximum  shear  occurs  in  the  two 
planes  making  45°  with  the  directions  of  the  largest  and  of  the 
smallest  principal  stress.  The  maximum  shear  is  one-half  the 
difference  between  the  largest  and  the  smallest  principal  stress. 
In  the  plane  (biaxial)  state  of  stresses  the  two  principal  directions 
are  in  the  plane  of  the  stresses,  the  third  is  perpendicular  to  the 
plane,  and  the  principal  stress  in  that  direction  is  equal  to  zero. 

If  we  assume  that  the  material  is  isotropic  at  the  point  con- 
sidered, that  is,  has  the  same  qualities  in  all  directions,  thereby 
excluding  such  mnterials  as  wood,  and  to  some  extent  wrought 
iron,  then  the  directions  of  the  principal  stresses  will  not  matter 
as  far  as  the  strength  is  concerned,  and  the  important  data  will 
be  the  values  of  the  three  principal  stresses,  Sx,  S,,,  and  Sz;  they 
will,  as  .stated  before,  determine  the  greatest  shears  and  the 
strains.  By  laying  off  St,  S„,  and  .V~  as  rectangular  coordinates 
a  point  (.S'.r.  S,>,  S:)  will  be  detenuined  which  represents  the 
state  of  stresses.  And  each  possible  slate  of  stresses  defiiTes  such 
a  point,  which,  for  the  sake  of  brevity,  we  shall  call  a  stress  point. 
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The  co)iciition  of  resistance  to  compound  stress  may  then  always 
be  stated  by  requiring  the  stress  point  {Sx.  Sy,  Se)  to  be  within  or 
on  the  surface  of  a  certain  solid.  The  surface  of  the  sohd  deter- 
mines the  hiniting"  stresses,  and  therefore  the  problem  of  resistance 
to  combined  stresses  may  be  stated  as  the  problem  of  determining 
this  solid.  If  only  plane  states  of  stresses  are  considered,  then 
ihe  corresponding  requirement  is  that  the  stress  point  (Sx,  Sv), 
laid  off  in  rectangular  coc3rdinates  in  the  plane,  must  be  within 
or  on  the  Iwundary  of  a  certain  closed  area;  the  boundary — a 
curve  or  a  polygon — defines  the  stress  limits.     The  experimental 


Fig.  I. 

5y 

i 

S 

i 

— 

s 

i 

^ 

' 

Maxirnum  stress. 


proof  that  a  certain  boundary  is  the  correct  one  is  that  the 
stress  points,  found  by  plotting  the  limiting  stresses  as  determined 
from  experiments,  are  on  or  near  this  boundary. 

We  shall  begin  by  applying  this  graphical  representation  to  the 
various  hypotheses  as  referring  to  the  plane  state  of  stresses  only. 
With  limiting  tensions  and  coinpressions  =^  5"  the  stress  field 
corresponding  to  Rankine's  maximum  stress  theory  is  evidently 
a  square  ( Fig.  i),^  bounded  by  the  lines  Sx=  =^  S,  and  Sy-d=  S. 
The  corner  (+S,  -S)  represents  a  pure  shear  in  the  directions  of 
the  diagonals ;  but  tests  show  that  the  limiting  shearing  stress 
is  in  reality  less  than  the  limiting  simple  tension;  or,  the  stress 
point    {+S9,  -Sa)    representing  the  actual   limiting  pure  shear, 

*  The  diagrams  shown  in  Figs,  i  to  4  are  given  in  Becker's  previously 
quoted  work. 
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Ss.  is  at  some  distance  inside  the  corner  {+S,  S).     This  proves 
that  Rankine's  theory  can  not  be  correct. 

By  Sainf-l'cnant's  maxinnuii  strain  theory  the  tendency  or 
the  nearness  to  rupture  is  measured  by  the  strain  at  stresses  below 
the  elastic  limit.  The  unit  elongation  in  the  .I'-direction  is  given 
by  the  expression 

£.r=  (i/£)  iS^-KSy) 
where  £  =  modulus  of  elasticity,  iC  =  Poisson's  ratio  of  lateral 
contraction  (for  steel  about  0.3).  If  S\  >S,/,  then  e^  is  the  largest 
elongation  at  the  point.     As  ii  is  a  constant,  it  follows  that  also 

Fig.  2. 


Maximum  strain. 


the  quantity  Ee^  =  Sx  -  KSy  will  measure  the  tendency  to  rupture. 
Saint- Venant's  hypothesis  states  that  Sx  --  KSy  measures  the  ten- 
dency to  rupture  even  when  the  elastic  limit  has  been  exceeded. 
When  ±  vS'  =  limiting  simple  tension  or  coni])ression,  then  the  limit- 
ing biaxial    stresses,   Sx,   Sy,    are   consequently   defined    by    the 

equations 

S\  —  KSy  =  ±  5"  and  .S„  —  KSj.  =  ±  5" 

defining  four  straight  lines,  enclosing  a  rhombus  (Fig.  2).  In 
the  figure  K  =  0.3.  Two  of  the  vertices  are  S.,-  -  Sy  -  S/{i  -  K) 
=  1.43  .V,  corre.sponding  to  ecjual  tensions,  and  S.r  =  -Sy  = 
.S"/(  I  f  A')  =0.77,  corresponding  to  e(|u;il  Imt  opjxjsite  stresses, 
that  is,  pure  .shear  in  the  45°-dircctions.  The  stresses  correspond- 
ing to  both  of  these  vertices  are  higher  than  the  values  found  by 
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tests  ^ ;  that  is.  the  stress  points  representing-  the  state  of  biaxial 
equal  tensions  and  the  state  of  pure  shear  are  at  some  distance 
inside  these  vertices.  Therefore,  the  working  stresses  derived 
from  this  hypothesis  are  not  sufficiently  safe. 

The  ina.vi)in(iii  shear  theory,  Guest's  hiw,  is  represented  in 
Fig.  3.  In  the  plane  state  of  stresses  the  principal  stresses  are 
Sj-,  Sy,  and  o ;  that  is,  when  Sj;  >  Su  >  o,  then  the  maximum 
shear  is  Vj  (Sr  -  o)  =  Sz/2,  and  when  S.r  >  o  >  Sy  then  the  shear 
is  ^2  (5.,-  -  Su).     That  is.  the  limiting  stresses  are  defined  Ijy 

5" J,.  =  ±  5",  -S"j,  =  ±5,  Sj.  —  Sy=d=S 

giving  the  hexagon  shown..     The  state  of  pure  shear  is  repre- 


Maximum  shear. 


sented  by  the  point  {S/2,  -S/2),  the  state  of  biaxial  equal  ten- 
sions by  the  point  (vS",  S).  However,  experimental  data  indicate 
that  the  limiting  values,  S/2  for  pure  shear,  and  ^  for  biaxial 
equal  tensions,  as  defined  by  these  points,  are  too  small. 

Becker's  "  maximum  shear  and  maximum  strain  theory  "  is 
represented  in  Fig.  4.  It  is  readily  seen  that  this  diagram  repre- 
sents a  solution  which  lies  between  those  indicated  in  Fig.  2  and 
Fig.  3.     As  Fig.  2  gave  too  large  values  and  Fig.  3  too  small 

'  See  the  previously  quoted  papers  by  Guest,  Scoble,  Smith,  Turner, 
Mason,  etc. 
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values  in  the  cases  of  pure  shear  and  of  biaxial  equal  tensions,  it 
might  be  expected  that  some  such  diagram  as  Fig.  4  would  give  a 
satisfactory  agreement  with  experimental  data.  Becker  indicates 
that  the  limiting  shear  is  approximately  5s  =  0.6  5^.  If  this  value  is 
correct,  and  if  the  limiting  elongation  is  S/E  (£  =  modulus  of 
elasticity),  then  the  limiting  stresses  will  be  determined  by 

(1/2)5^  =  ±0.65,     (i/2)5-y  =  ±o.65,     {i/2){S^  —  Sy)^±o.6S, 

and 

S X  —  KS^  ^  ±  o ,      Sy  —  KS  J.  :^  ±  o . 

These  equations  define  the  ten-sided  polygon  in  Fig.  4,  inside 
which  the  theory  states  that  the  stress  point  must  remain.     This 


Maximum  shear  and  maximum  strain. 


diagram  may  be  found  by  starting  from  Fig.  2,  cutting  off  the 
corners  by  superimposing  a  diagram  which  is  similar  to  Fig.  2, 
but  based  on  a  limiting  shear  equal  tO'  0.6  S  instead  of  S/2.  It 
is  seen  that  the  parts  of  the  boundary  ABC  and  FGH  are  governed 
by  the  shear  in  planes  making  45°-angles  with  the  ;r3;-plane  (com- 
pare Fig.  3),  the  parts  DB  and  JK  by  shears  in  the  two  planes 
making  45°  with  the  .a'-and  ;>'-axes,  while  the  parts  CD  and  KA 
are  governed  by  the  elongations  (compare  Fig.  2),  EF  and  HJ 
by  the  shortenings.  B  represents  the  equal  tensions  Sx-Sv  = 
1.2S,  while  the  points  L  and  M  define  the  limiting  value  of  pure 
shear,  dtz  Sx  =  =F  Sy  =  SH  =  o.6S.  While  some  individual  tests  have 
given  lower  values  the  ratio  Ss/S  -  0.6  was  found  to  be  justified 
by  a  rather  large  numl:)er  of  data  taken  from  measurements  of  the 
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elastic  limit  and  of  the  yield  point;  or,  the  stress  points  found  by 
plotting  the  limiting  stresses  as  determined  by  experiments,  are 
on  or  near  the  boundary  of  the  diagram  in  Fig.  4.  A  recent  study 
by  F.  B.  Seely  and  W.  J.  Putnam  ^  of  the  relative  values  of  elastic 
limits  and  yield  points  in  shear  and  in  simple  tension  for  several 
grades  of  steel,  led  again  to  this  same  ratio,  0.6.  That  certain  in- 
dividual cases  give  slightly  lower  values  is — as  far  as  safety  is 
concerned — counterbalanced  by  the  fact  that  the  ratio  of  ultimate 
shear  to  ultimate  simple  tension  is  rather  larger  than  0.6 ;  it  must 
be  remembered  that  the  "  safety  "  is  measured  both  relative  to  the 
ultimate  stress  and  relative  to  the  elastic  limit.    The  value  0.6  and 


Maximum  stress. 


the  subsequent  dimensions  of  Becker's  diagram  are,  therefore,  on 
the  whole  rather  w^ell  justified  by  experimental  data  known 
at  present. 

At  this  place  attention  might  be  called  to  a  method  often 
used  in  Europe  of  indicating  an  "equivalent  stress,"  sometimes 
called  "  ideal  stress  "  ^  or  "  reduced  stress  "  ® ;  namely,  a  simple 
tension  which  is  as  "  dangerous  "  or  as  "  near  failure  "  as  the 
particular  compound  stress  which  is  investigated.  When,  for 
example,  Sx  is  positive  and  numerically  greater  than  Sv,  then 

*F.  B.  Seely  and  W.  J.  Putnam:  Relation  between  Elastic  Strength  of 
Steel  in  Tension,  Compression,  and  Shear,  University  of  Illinois,  Engineering 
Experiment  Station  Bull.  115,  1919. 

*A.  Ostenf  eld :    Teknisk  Elasticitetslasre,  3  ed.,  1916,  p.  89. 

'A.  Foppl :    Technische  Mechanik,  Vol.  3,  ed.  1905,  p.  63. 
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the  equivalent  stress,  based  on  the  diagram  in  Fig.  4,  is  seen  to 
l3e  the  largest  of  the  three  values 

— ^corresponding  to  the  side  BC  (shear) 
1.2 

Sj. — -KSy,  corresponding  to  the  side  CD   (elongation) 

5"   —  5" 

— ^corresponding  to  the  side  DE   (shear) 


This  "  equivalent,"  "  ideal,"  or  "  reduced  "  stress  can  be  used 
as  the  measure  of  the  tendency  to  failure.  Similar  expressions 
may  be  derived  corresponding  to  the  other  sides  of  the  polygon. 

Fig.  6. 

Sy  A 


-2.5, 


Maximum  strain 


Wc  shall  now  consider  the  tJirce-dinicnsional  states  of  stresses. 
That  the  solid  representing  the  niaxinniin  stress  theory  is  the  cube 
shown  in  Fig.  5  is  seen  very  readily.  By  the  maximum  strain 
theory  the  tendency  to  rupture  is  measured  by  such  expressions  as 
Eex  =  S.r  -  K(S!/  + Ss),  where  £j;  is  the  elastic  elongation  in  the 
.t--di  recti  on.  The  limiting  stresses  are  then  defined  by  the  relations 
S^  —  K  (Sy  +  S,)  =±5-,  S^  —  K  (.9,, +  5-,)  =±5,  S,  —  K  {S\  +  S,)  =±.9 

These  six  equations  determine  six  planes,  parallel  in  pairs,  which 
enclose  a  skew  parallelopipcd,  having  its  largest  diagonal  in  the 
direction  making  equal  angles  with  the  .r-.  y-,  and  r-axes  (the  solid 
is  shown  in  projection  on  the  .rA'-i)lane  in  Fig.  6;  the  numbers 
indicate  the   values  of  Sz/S).     This  parallelopipcd  is  then  the 
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stress  solid  which  rqjresents  Saint- Venant's  maximum  strain 
theory  when  appHed  to  the  general  state  of  stresses  in  space.  Its 
intersection  with  the  .rv-plane  is  the  same  as  the  diagram  in 
Fig.  2.  With  A' =  0.3.  the  vertex  A  representing  three  equal  ten- 
sions has  the  coordinates  Sj-  =  Sy  =  S^  —  S/(i  -  2K)  =  2.^S;  that 
is,  v9=  16,000  lbs.  per  sq.  in.  allowed  in  simple  tension  would 
correspond  to  40.000  lbs.  per  sq.  in.  with  three  equal  tensions  (or 

Fig.  7. 


IviaximuiD  shear. 


compressions).      By  solving   three   of   the  above  equations  the 
vertex  B  is  found  to  have  the  coordinates : 


I  — A' 


^'-^y-\^K 


2IC 


S.. 


or,  with  K  =  0.3, 


S^  =  Sy=i.35S,      S, 


-I  +  3K 
1  —  K  —  2K'^ 


.19  S 


When  Sj:  >  Sy  >  Sz  then  the  maximum  shear,  as  stated  be- 
fore, is  Ss  =  y2(Sx-  Sz).  A  simple  tension  6^  gives  a  shear 
3^5.  Hence,  the  solid  representing  the  maximum  shear  theory 
is  bounded  by  the  planes 

Each  of  these  six  planes  makes  45 "-angles  with  two  of  the 
coordinate  axes  and  is  parallel  to  the  third.  The  solid  enclosed 
is  a  regular  hexagonal  prism  (Fig.  7),  the  axis  of  which  makes 
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equal  angles  with  the  three  coordinate  axes.  The  intersection 
with  the  .rj'-plane  is  the  diagram  in  Fig.  3.  That  the  prism  is 
infinitely  long  is  due  to  the  fact  that  the  shear  remains  small  as 
long'  as  the  three  principal  stresses  are  almost  equal ;  that  is,  the 
hypothesis  allows  unlimited  almost  equal  stresses.  That,  for 
example,  three  exactly  equal  compressions  (liquid  pressure)  would 
hardly  break  any  material  may  be  considered  an  established  fact. 
If  the  maximum  shear  and  maximum  strain  theory,  which 
was  seen  to  be  well-founded  when  applied  to  the  plane  state  of 

Fig.  8. 


-2.5    -2.0    -1.5 


NOTATION. 
S- LIMITING  UNIT  STRESS 
(.WORKING  STRESS)  IN  SIMPLE 
TENSION  OR  COMPRESSION 
S..Sy.S,=  PRINCIPAL  STRESSES  IN 
THE  PRINCIPAL  DIRECTIONS  x.y.ANO  z 
PERPENDICULAR  TO  ONE  ANOTHER. 
E  ■=  MODULUS  OF  ELASTICITY  IN 
TENSION  OR   COMPRESSION 
K=  P0ISS0N5  RATIO  OF  LATERAL 
CONTRAHION,  ASSUMED  EQU«L  TO  0. 


Assumed  conditions  of  resistance: 
(i)  the  shear  must  not  exceed  the  umit  06s. 

(2)THE  unit  ELONGATION  OR  SHORTENING  MUST 
NOT  EXCEED  THE  UMIT   S/E. 

PRINCIPAL  FORMULAS: 

(1)  MAXIMUM   SHEAR.  WHEN    S,>S.>S.:MAX    S,-i  (S,-S,) 

(2)  UNIT  ELONGATION  IN  X-OIRECTION     E.- i  [5.-^tS,tSJJ 
METHOD  OF  GRAPHICAL   REPRESENTATION; 

THE  STATE  OF  STRESSES   S.,S,,Sj  IS   REPRESENTED  BY  THE  POINT 
(5.  S,   S,)    IN  THE   RECTANGULAR   SYSTEM   OF  COORDINATES  S„  5,. 
S,  WITH  THE    S,-AXI5   PERPENDICULAR  TO  THE  PLANE  OF  THE 
DRAWING    THE   DIAGRAM   SHOWS  LEVEL  CURVES  FOR  CONSTANT  VALUES 
OF  Si     THE   NUMBERS  ON  THE  LEVEL  CURVES  INDICATE  S,/S. 
UNIT  OF  SCALE-  S; 
THE  CONDITION  OF  RESISTANCE  IS  THAT  THE  STRESS  POINT  (S.,S,.S,) 
1    MUST  BE  WITHIN  OR  ON  THE  SURFACE  OF  THE  SOLID  REPRESENTED 
-    THE  TWELVE  FACES  OF  THE  SOLID  HAVE  THE  FOLLOWING  EOUATIONS. 
CORRESPONDING  TO  CONDITIONS  (I)  AND    (^).  RESPECTIVELY 
TO  (I)  ■    i  (S.-S,)"i06S.  AND  THE  ANALOGOUS  EQUATIONS,  DETERMIN- 
ING SIX  PLANES.  SIDES  OF  A  REGULAR  HEXAGONAL  PRISM. 
TO  (2);     S.-K(S,«S,)-1  S.  AND   THE  ANALOGOUS   EQUATIONS, 

DETERMINING  THE  SIX  FACES  OF  A  SI\EW  PARAUELOPIPEO 


stresses,  can  \xt  applied  also  to  the  case  of  three-dimensional 
stresses,  then  the  corresponding  stress  solid  will  be  of  particular 
interest.  In  fact,  the  particular  purpose  of  this  paper  was  to  indi- 
cate this  stress-solid.  In  analogy  with  the  preceding  cases  the 
limiting  stresses  are  defined  by  the  following  relations: 
Corresponding  to  the  shear  C(Midition : 

S^  —  Sy^dti.2S,      S^  —  S^=^i.2S.     S\  —  Sj,==i=i.2S (i) 

and  corresponding  to  the  strain  condition  : 

S,-K(S^  +  S^)=  ^  S  (2^ 
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These  twelve  planes  enclose  a  twelve-faced  polyhedron,  the  pro- 
jection of  which  on  the  .rv-plane  has  been  constructed  in  Fig.  8. 
It  is  determined  by  the  intersection  of  a  hexagonal  prism  similar 
to  that  in  Fig.  7  (equations  (l))  with  the  parallelopiped  in 
Fig.  6  (equations  (2)),  and  it  is  the  solid  remaining  inside  both 
of  those  solids.  The  stress  solid  is  completely  defined  by  the 
level  curves  shown,  the  numbers  on  w^hich  are  the  values  of 
S:/S.    The  level  curves  indicate  the  fields  of  the  points  (Sx,  Sy) 

Fig.  9. 


for  given  values  of  S:.  The  level  curve  Sz-O  is  the  same 
as  the  diagram  in  Fig.  4.  Poisson's  ratio,  K,  was  again  assumed 
equal  to  0.3.  Fig.  9  shows  a  photograph  of  a  model  of  this  solid. 
The  equivalent  simple  tension  (the  "  ideal  "  or  "  reduced  " 
stress),  corresponding  to  given  values  of  Sx,  Sy  and  Sz,  is  found 
as  the  highest  value  of  5"  computed  from  the  twelve  expressions 
(1)  and  (2).  Which  one  gives  the  highest  value  depends  on  the 
ratio  (and  signs)  of  the  stresses.  The  stress  solid  can  be  used 
in  answering  this  question.  If  the  stress  point  (Sx,  Sy,  Sz)  lies 
within  a  pyramid  having  its  vertex  at  the  origin  and  a  certain 
one  of  the  faces  as  its  base,  then  the  expression  used  as  equation 
of  that  base  gives  the  highest  value  of  S.    Thereby  it  is,  for  exam- 
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{)le,  possible  to  decide  whether  in  a  given  case  a  shear  failure  or  a 
strain  failure  would  occur  if  the  three  stresses  were  increased  in 
the  same  proportion. 

After  the  above  discussion  had  been  written  there  appeared 
an  article  on  the  same  subject  by  B.  P.  Haigh.'  He  proposes  a 
new  theory,  namely,  that  the  elastic  limit  is  reached  when  the 
resilience  or  elastic  energy  per  unit-volume  has  a  certain  definite 
value.  He  represents  the  laws  following  from  this  "  iiiaxiinum 
resilience  theory"  by  the  same  graphical  methods  as  those  applied 
in  the  above  discussion,  and  he  finds  thereby  an  ellipsoid  instead 
of  the  stress  solid  in  Figs.  8  and  9,  and  an  ellipse  instead  of  the 
diagram  in  Fig.  4.  By  comparing  the  proposed  laws  with  results 
of  previous  tests  (by  Guest,  Crawford,  Batson,  JMason,  Turner, 
Sears,  Scoble,  and  Cook  and  Robertson)  he  finds  these  results  in 
better  agreement  with  the  maximum  resilience  theory  than  with 
either  Guest's  shear  theory  or  St.  Venant's  strain  theory.  The 
agreement  of  the  theory  with  the  experimental  results  is  least  sat- 
isfactory in  the  case  of  equal  biaxial  tension,  where  the  resilience 
theory,  with  Poisson's  ratio  K  =  0.3,  leads  to  the  limiting  stress 
Sx  =  Sy  =  0.845  ^''  that  this  value  is  too  low  is  indicated  both  by  the 
data  quoted  and,  still  more  clearly,  by  Becker's  results  (to  which 
no  reference  is  made).  With  certain  other  combinations  of 
stresses  the  agreement  with  the  test  data  is  very  satisfactory,  but 
in  most  of  these  cases  the  maximum  shear  and  maximum  strain 
theory  gives  very  nearly  the  same  results  as  the  resilience  theory. 
In  fact,  the  diagram  in  Fig.  4  does  not  differ  greatly  from  the 
ellipse,  except  at  the  two  rectangular  corners.  Moreover,  the 
limiting  three-dimensional  stresses  found  in  the  tests  of  thick  cyl- 
inders by  Cook  and  Robertson,  and  quoted  by  Haigh  as  support- 
ing the  resilience  theory,  agree  very  well  with  the  maximum  shear 
and  maximum  strain  theory  when  the  proposed  shear  limit  0.6S 
is  used  (instead  of  0.56"  with  (iuest's  law).  When  all  test  data 
known  at  present  are  considered,  then  it  seems  that  the  experi- 
mental results  support  the  maximum  shear  and  maximum  strain 
theory  at  least  as  well  as  or  perhaps  somewhat  better  than  they 
do  the  maximum  resilience  theory,  h'urthcr  test  data  will  be 
needed,  however,  before  a  final  decision  can  be  made. 

'  B.  P.  Haigh  :    The  Strain-luiergy  Function  and  the  Elastic  Limit,  Engi- 

iirrriufj  ( I. < union),  Jan.  30,  10^0. 


ELECTROLYTIC  CONDUCTIVITY  IN  NON-AQUEOUS 
SOLUTIONS.  IV.  THE  SOLVATION  OF  THE  IONS 
OF  TRIMETHYL-PARA-TOLYL-AMMONIUM  IODIDE 
IN  A  NUMBER  OF  ORGANIC  SOLVENTS.* 

BY 

HENRY  JERMAIN   MAUDE   CREIGHTON, 

Department  of  Chemistry,  Swarthmore  College,  Member  of  the  Institute. 

The  question  of  a  union  between  the  solute  and  the  solvent 
has  been  the  subject  of  very  systematic  and  extensive  investiga- 
tions by  the  late  H.  C.  Jones  and  his  co-workers,  since  the  begin- 
ning of  the  century.  The  results  of  these  researches  led  to  the 
formulation  of  the  Sohafe  Theory  of  Solution,  which  has  been 
very  useful  in  explaining  certain  apparent  exceptions  to  the 
electrolytic  dissociation  theory  of  Arrhenius,  presented  by  con- 
centrated solutions.  According  to  this  theory,  the  ions  and  some 
of  the  molecules  of  the  solute  have  the  power  to  combine  with 
more  or  less  of  the  solvent.^ 

In  a  recent  paper  on  the  influence  of  the  molecular  magnitude 
of  the  solute  on  the  conductance  of  its  ions,  Walden  ^  has  shown 
that  the  degree  of  solvation  of  the  ions  of  the  solute,  i.e.,  the  num- 
l^er  of  moles  of  solvent  combined  with  the  ions,  may  be  calculated 
from  a  knowledge  of  the  limiting  value  of  the  conductivity,  a  m,  of 
the  solute,  its  molecular  weight,  M,  the  viscosity  of  the  solvent,  'Iod, 
and  the  molecular  weight,  il/o,  of  the  latter.  In  this  paper  he  has 
shown  that  the  value  of  the  constant  in  the  expression : 

A  00   •  '/oo    =   const., (i) 

depends  upon  the  molecular  weight  of  the  solute ;  and  that  for 
solutions  of  a  number  of  solutes  in  various  solvents  the  product 
of  the  limiting  value  of  the  conductivity,  the  viscosity  of  the  sol- 
vent, and  the  square  root  of  the  molecular  weight  of  the  solute  has 
the  same  value,  i.e.,  at  25°, 

Aoo    •    Voo    •    M'^     =    II. 15.* (2) 

*  Communicated  bj-  Professor  Creighton. 

^A  resume  of  the  evidence  bearing  on  the  solvate  theory  of  solution, 
and  a  detailed  discussion  of  the  significance  of  the  theory  will  be  found 
in  this  Journal,  176,  pp.  479-564  and  pp.  677-710  (1913). 

'  Walden,  P.:     Z.  Elektrochcm.,  26,  65   (1920). 
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When  the  ions  of  the  solute  are  solvated,  the  molecular  weight 
of  the  solute  will  have  a  greater  value  than  that  calculated  from 
its  chemical  formula.  In  such  cases,  when  the  solute  is  not  poly- 
merized, the  value  of  the  constant  in  equation  (2)  will  have  a 
value  smaller  than  11. 15,  and  the  weight,  A,  of  solvent  combined 
with  the  ions  is  given  by  the  expression : 


\  A  00    •   '/  00  / 


M. 


(3) 


From  this  it  follows  that  the  number  of  moles  of  solvent  com- 
bined with  the  ions,  or  the  degree  of  solvation,  is  — . 

.    ^°  .   .         . 

Recently  the  writer  studied''  the  electrolytic  conductivity  of 

trimethyl-para-tolyl-ammonium  iodide  —  C7H7N(CH:,).J  —  in 
several  organic  solvents  at  25°.  The  data  obtained  in  this  in- 
vestigation have  been  used  to  calculate  the  extent  to  which  solvation 
of  the  ions  of  trimethyl-para-tolyl-ammonium  iodide  occurs  in  a 
number  of  the  solvents.  The  results  of  these  calculations  are 
given  in  Table  I. 

Table  I. 


Solvent 


Propylaldehyde 
Epichlorhydrin. 
Ethyl  alcohol. .  , 
Methyl  alcohol. 
Benzaldehyde .  . 
Anisaldehyde..  . 
Propionitrile .  .  . 

Acetone 

Nitromethane.  . 
Nitrobenzene..  . 
Benzonitrile. .  .  . 


25 

25 

25    25 

^700 

Aoo 

Aoo''' 00 

0.00435 

120 

0.414 

0.0103 

44 

0-453 

O.OII2 

48 

0.538 

0.00580 

100 

0.580 

0.0140 

33 

0.462 

0.0422 

13 

0.464 

0.00413 

143 

0.591 

0.00316 

188 

0.594 

0.00619 

115 

0.712 

0.0182 

38 

0.692 

0.0125 

54 

0.675 

Since  it  has  been  shown  by  Walden  "•  that  the  iodine  ion  is 
not  solvated  in  methyl  alcohol,  ethyl  alcohol,  acetone  and  nitro- 
benzene, it  may  be  assumed  that  this  ion  has  little  or  no  tendency 
U)  combine  with  solvents.  On  this  assumption,  the  degree  of 
solvation  of  trimethyl-para-tolyl-ammonium  iodide  in  the  differ- 
ent solvents  given  in  the  last  column  of  Table  1  probably  repre- 
sents the  degree  of  solvation  of  the  trimethyl-para-tolyl-ammonium 


*Crci»-ht<m,  II.  J.  M..  and  Way,  D.  11. 
*  Waldcii,  P.,  loc.  cit.,  p.  69. 
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ion  [C7H7X(CH;{)3]\  The  results  given  in  the  table  show  that 
this  ion  does  not  combine  with  the  solvent  in  solutions  of  either 
nitro-conipound,  or  in  solutions  of  benzonitrile  ;  and  that  its  great- 
est tendency  to  solvate  is  exhil)ited  in  solutions  of  aldehydes,  the 
degree  of  solvation  decreasing  as  the  molecular  weight  of  the 
aldehvde  increases : 

A_ 

S.,!venl  Mo  '^o  ^*o 

Propvlaldehvde.  CH.CHO  58  773 

Bcnzaldehyde.  QH.CHO  106  2.88 

Anisaldehyde,  CH,OQH,CHO    136  2.21 

Department  of  Chemistry, 
swarthmore  college, 
.-\pril  9,  1920. 

On  the  Excitation  of  the  Spectra  of  Carbon,  Titanium,  and 
Vanadium  by  Thermelectronic  Currents.  A.  G.  Hemsalech. 
{Philosophical  Magaaiuc,  March,  1920.) — Flawless  plates  of  Ache- 
son  graphite,  ^y  mm.  long,  10  mm.  wide,  and  .95  mm.  thick,  cov- 
ered on  the  upper  side  with  a  layer  of  powdered  carborvmdum 
one-eighth  of  an  inch  thick  to  reduce  the  heat  loss,  were  heated 
in  air  to  temperatures  ranging  from  1700°  to  3300°  C.  by  electric 
currents  of  from  125  to  260  amperes.  The  maximum  life  of  the 
plates  at  the  higher  temperatures  was  not  more  than  10  seconds. 

As  the  temperature  rises  after  the  current  begins  to  flow,  yel- 
lowish vapors  begin  to  form  along  the  lower  surface  and  a  stream 
of  such  vapor  rises  from  above  the  plate.  At  about  2400°  C.  the 
lower  vapor  turns  bluish  gray  and  assumes  a  sharply  defined 
form,  bulging  downward.  There  is  also  a  red-color  region  chiefly 
above  the  plate.  The  various  colors  are  due  to  light  emitted  by 
vapors  driven  out  from  the  carbon  and  the  carborundum.  When 
the  plate  is  heated  to  about  3000°  C.  just  below  the  lower  surface 
there  appears  a  sharply  bounded  band  of  pinkish  hue  one  or  two 
mm.  deep,  the  "  red  fringe."  "  To  investigate  its  origin,  the  plate 
was  put  in  a  horizontal  magnetic  field,  so  that  the  current  and 
lines  of  force  were  at  right  angles.  At  2700°  the  red  fringe  is 
usually  invisible.  When  the  force  exerted  on  the  current  by  the 
field  was  downward  at  this  temperature,  the  fringe  came  to  view. 
On  reversing  the  field  it  disappeared.  At  3000° C,  at  which  tem- 
perature the  fringe  is  normally  develoi)ed,  the  application  of  the 
field  in  one  direction  makes  the  fringe  appear  above  the  plate  and 
causes  it  to  disappear  from  below  it.  The  removal  of  the  field  is 
followed  by  the  disappearance  of  the  fringe  above  and  by  its  re- 
appearance below."  Part  of  the  heating  current  had  passed  out 
of  the  graphite  plate  into  the  space  below  and  its  path  w^as  re- 
vealed by  the  formation  of  the  red  fringe.  Hemsalech  distin- 
guishes this  current  which  he  designates  "  thermelectronic  "  from 
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the  thermionic  currents  of  Richardson,  holding  that  the  former  are 
due  to  the  displacement  of  lighter  particles  than  are  the  latter. 

"  Spectroscopic  examination  has  revealed  the  existence  of  two 
entirely  different  and  distinct  emissions  by  the  luminous  vapors 
in  the  neighborhood  of  the  heated  plate.  One  of  these  emissions 
is  controlled  by  the  plate  temperature  and  is  due  to  thermo-chemical 
excitation.  The  lines  and  bands  which  compose  its  spectrum  are 
observed  to  die  out  only  gradually  on  passing  away  from  the 
plate.  The  second  emission  is  confined  to  the  immediate  vicinity 
of  the  plate,  and  in  extent  it  coincides  with  the  red  fringe.  It  is 
further  shown  that  this  emission  is  controlled  by  the  thermelec- 
tronic  current  and  is  therefore  due  to  thermo-electric  excitation. 
The  characteristic  feature  of  its  spectrum  is  that  its  lines  and 
bands,  unlike  those  of  the  first  emission,  stop  quite  abruptly  at  the 
lower  edge  of  the  red  fringe." 

The  red-fringe  spectrum  is  made  up  of  carbon  bands,  lines  of 
titanium  and  of  vanadium  and  of  a  group  of  hazy  red  bands  at- 
tributed to  the  oxide  and  carbide  of  calcium. 

G.  F.  S. 

An  Attempt  to  Determine  if  Common  Lead  Could  be  Sepa- 
rated Into  Isotopes  by  Centrifuging  in  the  Liquid  State.  J.  Joly 
and  J.  H.  J.  Poole.  {Philosophical  Magazine,  March,  1920.)  — 
Among  the  descendants  of  both  the  thorium  and  the  uranium 
radioactive  family  is  an  element  which  is  isotopic  with  ordinary 
lead  but  differing  from  it  a  little  in  atomic  weight  and  in  density. 
Ordinary  lead  seems  to  be  a  mixture  of  these  two  isotopes.  An 
attempt  was  made  to  separate  the  two  constituents  in  a  centrifuge 
as  milk  and  cream  are  separated.  The  lead  was  maintained  liquid 
by  an  electric  current.  After  the  centrifuge  had  been  run  for  an 
hour  at  9000  r.p.m.  the  lead  was  removed  in  six  portions  and  the 
density  of  the  top  and  bottom  lots  was  measured.  No  evidence 
at  all  for  any  separation  efifect  was  obtained.  After  the  initiation 
of  the  experiments  a  discussion  of  the  possibilities  of  the  method 
employed  made  clear  that  with  the  peripheral  velocities  of  the 
centrifuge  no  separation  should  be  detected,  as  the  errors  of  ob- 
servation would  mask  any  difference  of  density.  The  Irish  investiga- 
tors are,  however,  confident  that  with  a  centrifuge  running  with  higher 
peripheral  velocity  definite  results  should  manifest  themselves. 

In  a  second  p;iper  in  the  same  issue  of  the  Philosophical  Maga- 
zine the  same  authors  report  that  they  failed  to  separate  the  silver 
from  the  lead  in  alloys  of  these  two  metals,  thus  failing  to  find 
a  substitute  for  cupellation.  In  the  case  of  Pb-Sn  and  Pb-Sn-Bi 
alloys  there  was  found  a  distinct  diflfercnce  between  the  upper 
and  lower  lots,  amounting  in  one  case  to  1.8  per  cent.  "  It  is  of 
interest  that  a  definite  alloy  like  tin-lead  alloy,  which  is  of  the 
composition  PbSn,  should  be  capable  apparently  of  being  sepa- 
rated by  the  action  of  the  centrifuge." 

C.  F.  S. 


PHENOMENA  OF  DRYING  WOOD.* 

(Second  Article.) 

Ax  AxALOGiSTic  Explanation  of  "  Casehardening  "  or  the 

Relations  of  ""  Set  "  and  Stresses  that 

Occur  in  Drying  Wood. 

BY 

HARRY  D.  TIEMANN, 

Physicist  and  Expert  in  Kiln-drying,  United  States  Forest  Service,  Forest  Products  Laboratory, 

Madison,  Wis. 

INTRODUCTION. 

In  a  previous  article  (July,  19 19,  pages  27-50)  an  explana- 
tion was  given  of  the  peculiar  conditions  of  shrinkage,  internal 
stresses  and  "  sets."  These  conditions  occur  when  a  green  piece 
of  wood  dries,  and  they  give  rise  to  the  phenomenon  of  "  case- 
hardening,"  as  it  is  called  for  lack  of  a  more  definite  term.  An 
analysis  was  also  given  of  the  stresses  that  occur  progressively 
from  the  surface  to  the  interior  of  the  block.  It  is  because  of 
these  phenomena,  and  particularly  because  of  the  "  setting  "  of 
the  molecular  structure  as  a  result  of  the  process  of  drying,  that 
wood  may  be  bent  in  various  ways  and  will  remain  so  without 
restraint  after  it  is  dry.  If  the  piece  of  bent  wood  is  steamed, 
however,  or  even  thoroughly  soaked,  it  will  return  nearly  to  its 
original  shape,  provided  it  has  not  been  stressed  beyond  the  rup- 
ture point  in  bending.  Furthermore,  these  same  phenomena  are 
what  cause  all  the  troubles  encountered  in  drying  wood,  such 
as  surface  checking,  "  honeycombing "  or  internal  checking, 
and  warping. 

To  the  uninitiated,  or  the  person  who  has  not  made  a  thor- 
ough study  of  the  subject,  the  behavior  of  wood  in  drying  is  fre- 
quently mystifying,  and  erroneous  ideas  and  conclusions  have 
resulted.  There  are  three  partially  independent  variables  and  one 
dependent  variable  that  enter  into  the  consideration.  These  are, 
first,  the  normal  shrinkage  of  the  wood  with  the  removal  of  the 
hygroscopic  moisture ;  second,  the  "  set  "  or  fixation  of  the  molec- 
ular structure  with  a  decrease  in  moisture ;  and  third,  the  increase 

*  Communicated  by  the  Director  of  the  Forest  Products  Laboratory, 
Madison,  Wisconsin. 
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in  strength  and  hardness  of  the  wood  substance,  each  of  these 
three  being  directly  dependent  upon  the  moisture  condition,  which 
is  the  fourth  variable.  All  of  these  factors  influence  the  internal 
stresses  and  the  resulting  form  or  dimensions  of  the  block.  It 
should  be  further  noted  that  the  shrinkage  is  a  complex  variable 
dependent  also  upon  the  direction  of  the  grain  and  the  density 
of  the  block.  In  general,  normal  shrinkage  is  twice  as  much  cir- 
cumferentially  of  the  log,  and  about  one-fiftieth  as  much  longi- 
tudinally, as  it  is  radially. 

There  is  a  mechanical  analogy  to  the  inter-relation  of  shrink- 
age, "  set,"  strength,  and  moisture  in  which  there  is  so  close  a 
correspondence  to  the  actual  physical  phenomena  that  it  may  be 
used  not  only  to  clarify  the  conception,  but  even  to  predict  what 
will  take  place  under  a  given  set  of  new  conditions.  It  is  the 
purpose  of  this  paper  by  means  of  this  simple  mechanical  analogy 
to  make  these  somewhat  vague  ideas  more  clear. 

A    CLARIFYING    ANALOGY. 

Imagine  an  "accordion-plaited"  bellows  (Fig.  i)^  atout  a 
foot  long  and,  say,  three  inches  square,  hermetically  tight,  but 
with  a  small  air  valve,  V ,  in  one  end,  which  may  be  opened  or 
closed  to  permit  the  outflow  or  inflow  of  air.  Also  imagine  inside 
the  bellows  a  coiled-wire  spring  of  medium  strength  but  suf- 
ficiently strong  to  hold  the  bellows  open  in  a  neutral  position,  so 
that,  after  being  stretched  or  compressed,  the  accordion  will  re- 
turn to  this  neutral  position.    This  may  be  called  position  A. 

Now,  when  the  valve  is  open,  we  have  very  nicely  represented 
a  piece  of  green  or  steamed  wood.  The  bellows  may  easily  be 
stretched  or  compressed  and  will  return  to  its  initial  position  A, 
the  spring  alone  offering  resistance  to  deformation.  x\^ow  draw 
a  partial  vacuum  and  close  the  valve  ;  the  neutral  position  becomes 
less  than  A,  say  B,  and  a  ])iece  of  dry  wood  is  represented.  The 
apparatus  may  now  be  extended  or  compressed  with  much  more 
difficulty,  as  not  (;nly  the  spring  but  the  air  also  offers  resistance 
to  deformation ;  however,  it  will  always  return  to  the  position  B. 
This  represents  the  increase  of  strength  that  occurs  in  dry  as  com- 
pared with  green  wood,  as  well  as  the  "  set  "  that  takes  place 

'  The  illustration  is  presented  with  the  caution  that  the  air.  spring, 
and  other  figures  used  are  wholly  analogical  in  significance,  and  that  it 
is  the  relations  and  effects  that  are  to  he  compared. 
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under  normal  shrinkage.  On  the  other  hand,  suppose  that 
throug-h  the  open  valve  air  is  forced  into  the  bellows,  and  the 
valve  is  then  closed.  The  neutral  position  will  now  be  greater 
than  A,  as  C,  representing  a  "  set  "  in  an  expanded  condition  of 
the  wood.  Or,  suppose  that  a  greater  vacuum  than  before  is 
created  within  the  bellows,  so  that  the  neutral  position  becomes 
less  than  B,  say  D,  with  the  valve  closed.  This  represents  a  "  set  " 
condition  in  which  the  wood  is  compressed  beyond  its  normal 
shrinkage.  Both  C  and  D  represent  a  "  set  "  condition  of  the 
wood,  which  is  the  primary  factor  in  causing  casehardening  and 
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also  in  fixing  the  shape  of  bent  wood  as  a  result  of  the  process  of 
steaming,  bending  and  subsequent  drying  in  the  bent  condition. 
This  analogy  is  particularly  illuminating,  since  it  may  be 
used  to  interpret  and  predict  actual  phenomena  that  take  place  in 
wood,  although  the  causes  are,  of  course,  not  identical  in  the  two 
instances.  The  apparatus  with  the  open  valve  represents  green 
or  steamed  wood  when  it  is  in  a  plastic  condition  and  may  easily 
l)e  stretched  or  compressed.  Closing  the  valve  is  equivalent  to 
"  setting  "  the  wood,  and  the  matters  of  shrinkage  or  dimensions 
are  dependent  upon  the  air  pressure  in  the  bellows  at  the  time 
the  valve  is  closed.  Shrinkage  is  represented  by  drawing  a  vac- 
uum with  the  valve  open,  and  the  "  setting  "  takes  place  at  any 
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degree  of  vacuum  or  air  pressure  when  the  valve  is  closed.  It 
will  be  seen  that  there  is  always  a  tendency  for  the  wood  to  return 
to  its  initial  green  condition  whenever  it  is  soaked  or  steamed, 
just  as  the  accordion  will  return  to  its  position  A  as  soon  as  the 
valve  is  opened.  Shrinkage  to  B  is  "  normal  shrinkage,"  but  to 
D  it  is  "  set,"  under  compression  stress,  and  to  £  or  C  under 
tensile  stress. 

It  seems  probable  that  there  is  a  very  similar  occurrence  with 
respect  to  the  molecules  of  the  wood  itself.  iXlthough  the  mol- 
ecules have  a  normal  position  relative  to  one  another,  to  which  they 
tend  to  return  when  they  become  wet  after  being  stressed,  they 
may  be  displaced  from  this  position  by  means  of  force,  and  when 
dried  in  the  displaced  position  they  become  "  set  "  temporarily. 
that  is,  they  become  fixed  in  this  new  situation.  When  sufficient 
moisture  is  added  to  render  them  flexible  again  (equivalent  to 
opening  the  air  valve)  they  return  to  the  original  condition.  In 
drying  normally  (not  under  any  stress),  the  removal  of  the  water 
draws  the  particles  together  to  a  certain  degree,  and  they  also 
become  "  set  "  normally,  as  in  position  B  of  the  illustration ;  but, 
while  wet  (valve  open),  if  they  are  compressed  to  a  greater  ex- 
tent than  this,  they  will  become  "  set  "  in  a  still  closer  position, 
as  at  D  in  the  accordion.  If  normal  shrinkage  is  prevented  by 
tensile  stress  (with  valve  open)  during  shrinkage,  the  w^ood  will 
become  "set"  (when  valve  is  closed)  in  an  intermediate  posi- 
tion, as  at  E. 

There  are  two  kinds  of  internal  stress  resisting  applied 
forces — one  a  fixed  quantity,  like  the  force  of  the  spring  within 
the  accordion ;  and  another,  wdiich  appears  to  l>e  variable  and  is 
dependent  upon  the  distortion  of  the  wood  during  its  process  of 
drying  from  the  green  or  wet  condition.  This  second  stress  cor- 
responds to  that  offered  by  the  air  pressure  within  the  bellows 
when  the  air  valve  is  closed,  and  is  of  a  temporary  nature. 


THE    SELECTION    OF    GLASS    FOR    THE    MANUFAC- 
TURE OF  AMPULS.* 


GEORGE  E.  EWE, 

Chief  Chemist.  H.  K.  Mulford  Company,  Philadelphia. 

The  selection  of  and  requirements  for  glass  bottles  for  storing 
the  ordinary  elixirs,  fluidextracts,  powders,  tablets,  etc.,  employed 
in  pharmacy  is  a  crude  process,  indeed,  in  comparison  with  the 
careful  tests  required  for  the  selection  of  a  proper  glass  for  the 
manufacture  of  ampuls.  This  care  is  necessitated  by  reason 
of  the  fact  that  unselected  glass  may  possess  sufficient  free  alkali, 
or  may  be  capable  of  yielding  sufficient  free  alkali  under  the  stress 
of  the  sterilization  process  which  ampul  solutions  are  required 
to  undergo,  or  may  yield  sufficient  alkali  in  the  period  during 
which  they  are  necessarily  kept  in  stock  before  being  sold,  to  cause 
the  precipitation  of  a  portion  of  the  alkaloidal  base  of  a  solution 
of  alkaloidal  salt  when  placed  in  the  ampuls,  and  because  unse- 
lected glass  may  throw  off  spicules  or  splinters  of  glass  under  the 
stress  of  the  sterilization  process  or  during  storage.  It  is  suffi- 
cient merely  to  point  out,  in  order  to  show  the  unsuitability  and 
even  danger  in  the  use  of  improperly  selected  glass,  that  precipi- 
tation of  alkaloidal  base  will  result  in  the  lowering  of  the  efficacy 
of  an  ampul  solution  upon  which  a  physician  may  be  relying  in 
a  serious  case  of  illness  and  the  production  of  spicules  or  splinters 
of  glass  in  the  ampul  solution  may  result  in  discomfort,  local 
irritation,  or  possibly  more  remote  and  more  dangerous  conse- 
quences. The  use  of  a  slight  addition  of  acid  to  ampul  solutions 
in  an  effort  to  correct  for  the  alkalinity  of  unselected  or  improp- 
erly selected  glass  is  contra-indicated  in  view  of  the  fact  that 
glass  can  be  made  or  selected  which  requires  no  use  of  acid.  The 
use  of  acid  is  also  contra-indicated  because  acidity  is  usually  pro- 
ductive of  irritation  at  the  site  of  injection. 

In  outlining  tests  for  the  selection  of  glass  for  the  manufac- 
ture of  ampuls  the  working  of  the  glass  under  the  flame  must 
also  be  considered.  In  addition,  other  tests  which  may  act  as 
checks  on  the  "  alkalinity."  "  spicule  "  and  "  flame  "  tests  are 

*  Communicated  by  the  Author. 
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frequently  resorted  to.  The  .series  of  tests  mentioned  below  will, 
as  a  rule,  be  sufficient  for  proper  selection  of  glass,  if  applied 
"  secundum  artie."  However,  the  "  art,"  particularly  the 
"  flame  "  testing  can  be  attained  only  by  practical  experience. 

TESTS  FOR  THE  SELECTION  OF  GLASS  FOR  THE   MANUFACTURE  OF  AMPULS. 

Size  of  tubing,  thickness  of  wall,  freedom  from  certain  pro- 
scribed ingredients,  color:  in  accordance  with  specifications. 

"  Working  under  the  flame  " :  can  be  judged  only  by  practical 
experience  obtained  by  comparison  of  many  varieties  of  glass. 

Standard:  greatest  ease  in  working  consistent  with  the 
other  requirements. 

"  Alkaloidal  Alkalinity  Test  " — "  General." — A  i  per  cent, 
solution  of  U.  S.  P.  morphine  sulphate  or  a  0.2  per  cent,  solution 
of  U.  S.  P.  strychnine  sulphate  in  normal  saline  solution  must  not 
develop  crystals  or  become  turbid  or  opalescent  when  sterilized 
under  practical  conditions  in  ampuls  made  from  the  glass  under- 
going test;  the  ampuls  having  been  treated  with  dilute  hydro- 
chloric acid  and  finally  thoroughly  washed  free  from  acid  and 
dried  before  the  alkaloidal  solution  is  placed  in  them.  The 
preferred  test  is  the  "  particular  "  one  which  is  in  all  respects 
similar  to  the  "  general  "  test  except  that  the  particular  solution 
which  is  intended  to  be  marketed  in  the  ampuls  is  used  in  place 
of  the  morphine  sulphate  or  strychnine  sulphate  solutions. 

"Spicule  Test." — Work  the  glass  into  ampuls.  Place  a  0.6 
per  cent.  NaCl  solution  (or  any  particular  solution)  in  the  am- 
puls; seal  and  sterilize  under  practical  conditions.  The  solution 
is  then  carefully  examined  under  a  magnifying  glass  for  spicules 
or  splinters  of  glass. 

Exact  conformity  with  the  above  tests  is  absolutely  necessary 
in  order  to  permit  the  use  of  any  particular  glass  for  the  manu- 
facture of  ampuls. 

The  following  tests  are  applicable  for  comparative  purposes 
only,  and  are  occasionally  employed  as  confirmatory  checks : 

"  Phenolphthalcin  Alkalinity  Test." — Treat  the  glass  with 
dilute  HCl  followed  by  very  thorough  washing.  Boil  a  sample 
corresponding  to  500  sq.  centimetres  of  surface  for  16  hours 
with  distilled  water,  keeping  the  .sam])le  covered  with  fresh  addi- 
tions of  water  as  required.  Remove  the  glass,  add  i  c.c.  phenol- 
])hthalein  test  solution  to  the  water  in  which  the  glass  was  boiled 
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and  titrate  to  neutrality.  Make  a  correction  on  the  water,  vessel 
in  which  the  boiling;  was  conducted,  locality  in  which  the  test  was 
carried  out,  etc.,  by  running  a  blank  under  precisely  the  same 
conditions  employed  in  making  the  test,  and  at  the  same  time. 
Report  alkalinity  as  milligrams  of  NaOH  per  100  sq.  cm. 

■'  Loss  to  Water  Test." — The  sample  used  in  the  "  phenolph- 
ttialein  alkalinity  test  "  is  weighed  before  and  after  boiling. 
Report  loss  as  milligrams  per  100  sq.  cm. 

"  rulnerability  to  Alkaline  Fluids  Test." — Repeat  the  "loss 
to  water  test,"  using  a  new  sample  and  using  2  per  cent,  sodium 
carbonate  solution  in  place  of  water,  keeping  up  the  volume  by 
fresh  additions  of  water  only.  Report  loss  as  inilligrams  per 
100  sq.  cm. 

"  Plienolphthalein  Alkalinity  Autoclave  Test." — Water  con- 
taining a  few  drops  of  plienolphthalein  test  solution  is  placed  in 
the  ampul  (which  has  previously  been  acid-washed  and  thor- 
(Kighly  rinsed  with  distilled  water)  ;  the  ampul  is  sealed  and 
autoclaved  at  12  lbs.  steam  pressure  for  45  minutes.  At  the  end 
of  this  time  the  tube  is  carefully  examined  for  color  and  spicules. 
A  pink  color  indicates  alkalinity. 

"  Phenolsulplwncphthalein  Alkalinity  Autoclave  Test." — In 
all  respects  this  is  similar  to  the  preceding  test  with  the  exception 
that  a  yellowish  solution  of  phenolsulphonephthalein  is  used  in- 
stead of  phenolphthalein  and  the  autoclaved  liquid  is  examined 
for  any  reddish  tint  which  may  develop. 

The  following  table  .shows  some  typical  results  obtained  by  the 
use  of  the  several  tests  mentioned  alDove  in  glass  tubing  offered 
for  the  manufacture  of  ampuls : 


Sample 

Color. 

No. 

I 

Flint 

2 

Flint 

3 

Flint 

4 

Flint 

.5 

Flint 

6 

Flint 

7 

Flint 

8 

Flint 

9 

Flint 

10 

Flint 

'Flame"  test. 


'Spicule" 
test. 


'  Phenolphthal 
ein  Alkalinity' 
test. 


"Loss  to 
Water"  test. 


Suitability. 


O.  K. 

Works  hard 
Works  easily 
Works  easily 

Works  easily 
Works  hard 

Works  easily 
Works  easily 
Works  easily 
Works  easily 


None 
Spicules 
Spicules 
None 

None 
Spicules 

None 
None 
None 

A  few  spic- 
ules 


0.098  mgm. 

Undeter. 

trace 

0.102  mgm. 


0.7  mgm. 
4.2  mgm. 
1.9  mgm. 
0.61  mgm. 

1.1  mgm. 
Unweigh- 

able 
0.62  mgm. 
0.49  mgm. 

3.2  mgm. 
4.4  mgm. 


O.  K. 
Not  O.  K. 
Not  O.  K. 
O.  K. 

O.  K. 
Not  O.  K. 

O.  K. 
O.  K. 
O.  K. 
Not  O.  K. 
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All  of  these  samples  yielded  perfect  results  in  the  "  alkaloidal 
alkalinity  "  test.  As  a  matter  of  fact,  after  a  satisfactory  source 
has  been  established,  it  is  only  occasionally  that  a  sample  fails  to 
answer  this  requirement,  but  this  occasional  exception  illustrates 
the  necessity  for  the  application  of  this  test. 

The  relation  between  the  alkalinity  yielded  in  the  "phenol- 
phthalein  alkalinity''  test  and  the  result  of  the  "alkaloidal  alkalin- 
ity "  test  was  not  determined,  the  "  phenolphthalein  alkalinity" 
test  being-  rejected  in  favor  of  the  shorter  and  more  practical 
"  alkaloidal  alkalinity  "  test. 

The  phenolphthalein  and  phenolsulphonephthalein  alkalinity 
autoclave  tests  are  used  by  some  workers,  but  they  are  open  to 
the  criticism  that  they  bear  no  practical  direct  relation  to  the 
possible  use  of  the  glass  for  ampul  purposes,  whereas  in  the 
same  time  and  with  no  more  labor  a  direct  result  can  be  obtained 
by  the  use  of  the  "  alkaloidal  alkalinity  test." 

No  definite  information  can  be  obtained  regarding  the  pos- 
sible formation  of  spicules  by  a  glass,  from  its  working  qualities 
under  the  flame.  In  the  experience  of  some  workers,  the  hard 
glasses  appear  to  suffer  surface  scaling  under  the  influence  of 
the  moisture  and  heat  used  in  autoclaving,  whereas  in  the  experi- 
ence of  others,  the  more  easily  worked  and  more  soluble  glasses 
yield  spicules  by  surface  erosion  due  to  solution  of  the  alkaline 
radicle  of  the  glass. 

The  results  yielded  by  the  application  of  the  "  phenolphthalein 
alkalinity,"  "  loss  to  water  "  and  "  vulnerability  to  alkaline  fluids  " 
tests  to  some  samples  of  glass  tubing,  bottles,  Erlenmayer  flasks, 
test  tubes  and  beakers  are  herewith  appended  as  a  matter  of  com- 
parison and  of  interest : 
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Sample. 


Color. 


"  Phenolphthalein 
Alkalinity  "  test. 


'Loss  to  Water' 
test. 


"Vulnerability  to 

Alkaline  Fluids" 

test. 


Tubing 

Tubing 

Tubing 

Tubing 

Tubing 

Tubing.  ... 

Tubing 

Tubing 

Tubing 

Tubing .... 
Tubing .... 
Tubing .... 
Tubing.  ... 
Tubing.  ... 
Tubing.  ... 
Tubing.  ... 
Tubing .... 

Tubing 

Tubing.  ... 
Tubing.  ... 
Tubing.  ... 
Tubing.  ... 

Tubing 

Tubing 

Tubing 

Tubing 

Tubing 

Tubing 

Tubing 

Tubing 

Bottle 

Bottle 

Bottle 

Erlenmayer 

flask 

Test  tubes . 

Beaker 

Beaker 

Beaker 

Beaker 


Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Flint 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Amber 

Blue... 

Flint 

Flint 

Flint 

Flint 
Flint 
Flint 
Flint 
Flint 
Flint 


Undeterminable  trace 

Undeterminable  trace 

Undeterminable  trace 
Undeterminable  trace 


Undeterminable  trace 


Undeterminable  trace 
Undeterminable  trace 


Undeterminable  trace 
Undeterminable  trace 


Unweighable 

1.5  mgm. 
Unweighable 

1. 1 7  mgm. 
Unweighable 
Unweighable 

1.2  mgm. 

4.0  mgm. 

2.5  mgm. 

0.62  mgm. 

2.5  mgm. 

3.0  mgm. 

3.1  mgm. 
3.5  mgm. 

Unweighable 
Unweighable 
Unweighable 
Unweighable 
Unweighable 
Unweighable 

8.0  mgm. 

1.5  mgm. 

3.0  mgm. 

4.0  mgm. 

5.0  mgm. 

8.0  mgm. 
lo.o  mgm. 
Unweighable 
Unweighable 

0.15  mgm. 

0.45  mgm. 

0.59  mgm. 

0.39  mgm. 

0.0107  rngm. 

0.28  mgm. 

3.0  mgm. 
Unweighable 
Unweighable 
Unweighable 


21.0  mgm. 

30.0  mgm. 

24  mgm. 
8.25  mgm. 

22.5  mgm. 
43.5  mgm. 

31.5  mgm. 
27.5  mgm. 

24.0  mgm. 

9.25  mgm. 

6.5  mgm. 
20.0  mgm. 
17.5  mgm. 

2.65  mgm. 

2.0  mgm. 
56.5  mgm. 
22.5  mgm. 
27.5  mgm. 
19.0  mgm. 
12.5  mgm. 
25.0  mgm. 
57.5  mgm. 

7.5  mgm. 

7.8  mgm. 

1.8  mgm. 


3.3  mgm. 
18.5  mgm. 
13.0  mgm 


Pharmaceutical  Research  Laboratory, 
H.  K.  MxH-FORD  Company. 
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The  Measurement  of  Projectile  Velocities.  Paul  E.  Klopsteg 
and  Major  A.  L.  Loomis.  {Jour.  Am.  Inst.  Elec.  Eng.,  Feb.,  1920.) 
— During  the  war  the  Aberdeen  Chronograph  was  developed.  By 
reason  of  the  use  of  standard  parts  one  complete  instrument  could 
be  delivered  in  one  working  day.  Under  actual  working  conditions 
one  round  could  be  fired  and  all  the  readings  taken  in  forty- 
five  seconds. 

Instead  of  breaking  electrical  circuit  by  rupturing  a  wire,  as  was 
done  in  the  Boulenge  chronograph,  the  projectile  closed  the  circuit  by 
making  contact  between  two  pieces  of  lead  foil.  When  contact  is 
thus  established,  current  flows  through  the  primary  of  a  transformer. 
The  current  developed  in  the  secondary  flows  through  the  registering 
device.  A  constant  speed  motor  carries  on  its  vertical  shaft  an 
aluminium  drum  within  which  fits  a  strip  of  specially  prepared  paper. 
The  current  from  the  secondary  passes  as  a  spark  from  a  point  to 
the  metal  of  the  drum,  making  a  mark  on  the  paper.  After  the 
projectile  has  travelled  50  feet  further,  it  closes  a  second  circuit  and 
a  second  mark  is  registered  on  the  paper.  With  a  fixed  distance 
between  targets  and  with  constant  speed  of  rotation  of  the  drum 
the  velocity  sought  was  proportional  to  the  distance  between  the 
two  marks  on  the  strip  of  paper.  A  scale  was  accordingly  made 
on  which  the  velocity  was  read  ofif  directly  merely  by  applying  the 
paper  to  it.  G    F    S. 

Caramel. — G.  P.  Plaisance  and  Helen  Monsch,  of  the  Iowa 
State  College  and  Agricultural  Experiment  Station,  have  studied 
the  occurrence  of  furfural  in  caramel  (Journal  of  Home  Economics. 
•1917,  ix,  167-171).  Caramel  is  used  as  a  coloring,  e.g.,  in  artificial 
vanilla  extract,  and  is  formed  from  sugar  in  cooking.  Furfural, 
furfurole,  or  furfuraldehyde  is  an  heterocyclic  aldehyde  which 
is  volatile  in  steam.  It  is  somewhat  toxic,  thus  o.i  gram  causes 
headache  in  man  and  0.5  gram  kills  a  cat  or  a  rabbit.  Some  furfural 
is  formed  when  sugars,  especially  cane  sugar,  are  caramelized  at  a 
temperature  ranging  from  180°  to  200°  C. ;  the  greatest  production 
of  furfural  noted  was  0.944  gram  from  i  kilogram  of  cane  sugar  on 
caramelization  for  four  minutes  at  200°  C.  However,  the  furfural 
is  completely  expelled  if  the  caramel  be  boiled  with  an  equal 
amount  of  water  for  ten  minutes  in  an  open  pan.  No  precautions 
to  prevent  the  injurious  action  of  furfural  are  necessary  when 
the  food  is  cooked  in  the  presence  of  water  after  caramclization, 
as  in  the  preparation  of  cakes,  frostings.  and  rice  pudding.  In 
candy-making  the  cooking  should  he  conducted  at  as  low  a  tem- 
perature as  ])OSsible,  since  the  yield  of  furfural  increases  with 
the  temperature.  Care  should  he  taken  to  prevent  caramclization 
in  the  baking  of  fruits  ;  it  is  desirable  to  boil  caramelized  fruit 
syrups  with  an  equal  volume  of  water  for  ten  or  fifteen  minutes 
before  serving  them. 

J.S.H. 
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AN  INTEGRATION  METHOD  OF  DERIVING  THE  ALTERNAT- 
ING CURRENT  RESISTANCE  AND  INDUCTANCE 
OF  CONDUCTORS.' 

By  Harvey  L.  Curtis. 

[abstract.] 

In  connection  with  some  work  on  alternating  current  resistance 
and  inductance,  the  Bureau  of  Standards  recognized  the  need  of 
formulas  taking  into  consideration  the  so-called  "  Skin  Effect  " 
due  to  the  proximity  of  the  conductors. 

The  solution  of  the  problem  was  met  by  a  process  of  integra- 
tion. The  conductor  is  divided  into  infinitesimal  filaments  by  sur- 
faces which  coincide  with  the  lines  of  fiow.  The  magnetic  field 
at  any  point  is  the  sum  of  the  magnetic  fields  of  all  these  filaments. 
The  counter-electromotive  force  in  a  filament  is  determined  by  the 
rate  at  which  the  magnetic  fields  of  all  the  others  cut  this  filament. 

Formulas  for  the  alternating  current  resistance  and  inductance 
of  a  straight  cylindrical  conductor  were  derived  by  both  the  use 
of  real  and  imaginary  power  series.  These  formulas  correspond 
exactly  with  the  asympotic  formulas  of  Russell  (Phil.  Mag.,  17 
p.  524,  1909). 

The  same  method  is  applied  to  a  return  circuit  making  use 
of  imaginary'  series,  and  formulas  for  the  alternating  current 
resistance  and  inductance  are  derived.  Values  computed  by  these 
formulas  are  compared  with  experimental  results. 


THE  CHARACTERISTICS  OF  STRI^  IN   OPTICAL  GLASS.' 

By  T.  T.  Smith,  G.  E.  Merritt,  and  A.  H.  Bennett. 

[abstract.] 

Stri^  are  imperfections  in  optical  glass  which  are  revealed 
by,  and  cause  consequent  damage  because  of,  their  refractive  index 
being  slightly  different  from  the  surrounding  glass.  Various 
methods  for  detecting  their  presence  are  described  and  photo- 
graphic illustrations  by  a  highly  sensitive  method  given. 

♦  Communicated  by  the  Director. 
'  Scientific  Paper  No.  374. 
'  Scientific  Paper  No.  373. 
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The  comparative  effects  of  stride  on  the  definition  given  by 
binocular  prisms,  in  which  striae  are  present  in  different  degrees, 
are  exhibited  by  photographs  of  an  artificial  star  taken  through 
these  prisms.  Prisms  which  had  been  discarded  because  of  the 
presence  of  striae  in  them,  except  where  these  show  up  in  dense 
nests,  were  found  to  give  as  good  definition  as  those  having  no 
appreciable  striae. 

The  refractive  indices  of  the  striae  were  measured  for  a  number 
of  samples  by  a  total  reflection  refractometer  and  found  to  be 
above  or  below  that  of  the  surrounding  glass  by  about  2  in  the 
fourth  decimal  place. 

From  the  investigation,  it  is  concluded  that  in  most  visual 
work  a  few  striae  do  real  damage  only  when  in  focus  or  nearly 
in  focus  in  the  field  of  view.  The  scattering  effect  of  a  few  striae 
is  probably  detrimental  only  in  astronomical  and  certain  kinds  of 
microscopic  work. 


A  NEW  CADMIUM  VAPOR  ARC  LAMP.' 

By  Frederick  Bates. 

[abstract.] 

For  some  years  numerous  experiments  have  been  carried  owt 
by  a  number  of  investigators  with  the  object  of  obtaining  a  cad- 
mium vapor  lamp  similar  to  the  mercury  vapor  lamp.  This  has 
been  done  owing  to  the  necessity  for  securing  a  stable  monochro- 
matic red-light  source  of  high  intensity.  When  pure  cadmium  is 
distilled  into  the  quartz  lamp  and  freezes,  the  metal  adheres  to  the 
silica  with  such  tenacity  as  to  either  crack  the  lamp  or  peel  strips 
of  the  silica  from  the  walls.  If  such  a  lamp  be  filled  with  a  cad- 
mium-mercury alloy,  the  cadmium  spectrum  appears  but  faintly, 
and  the  position  of  its  principal  lines  in  the  spectrum  with  respect 
to  the  mercury  lines  is  such  that  spectrum  filtration  with  a  wide 
slit  is  impracticable.  The  lack  of  intensity  in  the  cadmium  is  due 
to  the  fact  that  its  vapor  pressure  is  relatively  low  compared  with 
that  of  mercury. 

In  the  present  investigation  it  was  discovered  that  the  metal 
gallium  would  readily  alloy  with  cadmium,  and  that  a  very  small 
quantity,  less  than  one  i>er  cent.,  was  sufftcient  to  radically  change 
the  character  of   the   cadmium  and   greatly   reduce  its  tensile 

'Scientific  Paper  No.  371. 
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strength.  All  breakage  of  the  lamp  was  eliminated.  In  using 
this  alloy  in  a  quartz  vapor  lamp,  the  cadmium  spectrum  is 
obtained  with  great  brilliancy  and  purity.  Although  gallium  melts 
at  approximately  30°  C,  its  boiling  point  is  above  1600°  C,  and 
its  vapor  pressure  is  so  low  that  the  spectrum  of  gallium  is  prac- 
tically absent,  the  cadmium  vapor  acting  as  the  carrier  of  the 
electric  energy.  The  utilization  of  the  cadmium  spectrum  is 
greatly  facilitated  by  the  fact  that  the  gallium  lines  appear  but 
faintly  and  that  the  spectrum  of  gallium  has  no  lines  between 
4200A  and  6400A.  A  lamp  of  this  type,  using  lead  seals  to  render 
the  electrodes  proof  against  leakage  can  be  operated  continuously 
with  no  variation  in  the  high  intensity  of  the  cadmium  lines  and 
appears  to  have  an  indefinite  life. 


WAVE  LENGTHS  LONGER  THAN  ssooA  IN  THE  ARC  SPECTRA 
OF  SEVEN   ELEMENTS.* 

By  C.  C.  Kiess  and  W.  F.  Meggers. 

[abstract.] 

The  concave  grating  spectograph  of  the  Bure9,u  of  Standards 
was  used  to  photograph  the  yellow,  red  and  infra-red  arc  spectra 
of  titanium,  chromium,  manganese,  molybdenum,  tungsten  and 
uranium.  This  work  is  a  continuation  of  a  program  of  standard 
wave-length  determination  and  spectroscopic  analysis  which  has  as 
one  of  its  objects  the  mapping  of  the  spectra  of  chemical  elements 
as  far  out  into  the  region  of  long  wave  lengths  as  modern  pho- 
tographic methods  will  permit. 

The  spectrograms  were  made  on  photographic  plates  sensi- 
tized to  the  long  waves  by  bathing  in  solutions  of  dyes.  Recently 
"  made-in-America  "  dyes  were  used  for  many  of  the  plates  and 
were  as  effective  in  their  photosensitizing  action  as  the  im- 
ported ones. 

The  wave  lengths  of  more  than  2500  spectral  lines  were  derived 
from  the  measurement  of  the  plates.    These  wave  lengths  extend 

from  the  green  at  5500  A  into  the  infra-red  beyond  9700  A. 
So  far  as  known,  impurity  lines  and  spurious  lines  have  been 
eliminated  from  the  wave-length  tables.  Frequency  differences 
which  are  suspected  of  being  constant  have  been  found  in  each  of 
the  spectra  here  presented. 

*  Scientific  Paper  No.  372. 
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RECOMMENDED   SPECIFICATIONS  FOR  WHITE   PAINT  AND 

TINTED  PAINTS   MADE  ON  A  WHITE  BASIS,  SEMI- 

PASTE    AND    READY    MIXED/ 

[abstract.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization  January  26, 
1920.  This  committee  was  appointed  at  the  suggestion  of  the 
Secretary  of  Commerce,  and  consisted  of  representatives  of  the 
War,  Navy,  Agriculture,  Interior,  Post  Office,  Treasury,  and 
Commerce  Departments,  the  Railroad  Administration,  the  Panama 
Canal,  and  the  Educational  Bureau  of  the  Paint  Manufacturers' 
Association  of  the  United  States.  The  committee  submitted  a 
preliminary  draft  of  the  specifications  to  a  large  number  of 
representatives  of  the  paint  and  varnish  manufacturers,  and  gave 
careful  consideration  to  the  replies  received. 


RECOMMENDED   SPECIFICATIONS  FOR  RED   LEAD,  DRY 
AND   PASTE." 

[abstract.] 

Prepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Paint  Specification  Standardization  January  26, 
1920.  This  committee  was  appointed  at  the  suggestion  of  the 
Secretary  of  Commerce,  and  consisted  of  representatives  of  the 
War,  Navy,  Agriculture,  Interior,  Post  Office,  Treasury,  and 
Commerce  Departments,  the  Railroad  Administration,  the  Panama 
Canal,  and  the  Educational  Bureau  of  the  Paint  Manufacturers' 
Association  of  the  United  States.  The  committee  submitted  a 
preliminary  draft  of  the  specification  to  a  large  number  of  repre- 
sentatives of  the  paint  manufacturers,  including  the  manufac- 
turers of  red  lead,  and  gave  careful  consideration  to  the  re- 
plies received. 

AN   INVESTIGATION    OF   THE   PHYSICAL   PROPERTIES   OF 
DENTAL  MATERIALS.' 

By  Wilmer  H.  Souder  and  Chauncey  G.  Peters. 
[abstract.] 

Properties,  such  as  crushing  strength,  flow,  thermal  and 
chemical   expansion,   chemical   composition,   electrode-potentials 

•  Circular  No.  89. 
'  Circular  No.  90. 
'  Tccliiiologic  Paper  No.  157. 
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and  thermal  reactions  have  been  investigated.  Additional  phases, 
such  as  methovl  of  manipulation,  time,  temperature,  etc.,  were 
fomid  to  exert  definite  influences  upon  the  materials. 

A  number  of  commercial  alloys,  together  with  some  special 
alloys,  were  tested.  The  thermal  expansion  of  amalgams  was 
found  to  be  considerably  greater  than  the  expansions  of  nor- 
mal teeth. 

The  apparatus  generally  used  in  testing  these  materials  was 
found  to  be  unsuited  for  accurate  observations.  More  suitable 
instruments  were  selected  and  it  is  thought  that  the  data  supplied 
in  this  paper  are  of  the  highest  accuracy  and  may  be  safely  used  as 
the  basis  for  clinical  interpretations. 

The  paper  includes  25  photographs  or  drawings  and  three 
tables  setting  forth  details  of  the  investigation. 


TWELFTH   ANNUAL   CONFERENCE   ON   WEIGHTS   AND 
MEASURES,   1919." 

[abstract.] 

The  Annual  Conference  on  Weights  and  Measures  is  a 
national  organization  composed  of  State  and  local  weights  and 
measures  officials  throughout  the  United  States.  This  body  meets 
annually  at  the  Bureau  of  Standards,  Washington,  D.  C,  for  the 
purpose  of  discussing  and  solving  problems  relating  to  weights 
and  measures,  such  as  uniform  legislation,  rules  and  regulations 
and  methods  of  enforcement  of  weights  and  measures  laws,  specifi- 
cations and  tolerances  for  all  commercial  apparatus,  and  the  proper 
inspection  and  test  of  apparatus,  etc.  The  present  meeting  was 
the  twelfth  one  held,  and  the  first  since  1916,  the  sessions  having 
been  discontinued  during  the  war.  This  report,  which  is  a 
stenographic  record  of  the  proceedings,  includes  all  papers  read 
and  resolutions  adopted.  Perhaps  the  most  important  single 
accomplishment  of  this  Conference  was  the  discussion  upon  and 
the  tentative  adoption  of  a  set  of  specifications  and  tolerances  for 
liquid-measuring  pumps,  especially  those  used  in  the  sale  of  gaso- 
line, kerosene,  etc.  It  was  agreed  by  the  members  that  these 
should  be  thoroughly  studied  and  tried  out  in  the  field  and  that 
final  action  upon  them  should  be  taken  at  the  next  meeting. 
The  unsatisfactory  condition  of  liquid-measuring  pumps  in  all 

"  Miscellaneous  Publication  No.  41. 
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parts  of  the  country  rendered  action  on  this  important  subject 
imperative  if  the  purchaser  was  to  receive  the  correct  amounts. 

Consideration  was  also  given  to  a  number  of  other  subjects 
of  importance,  including  the  progress  made  in  the  various  States 
and  cities;  the  necessity  of  the  Federal  regulation  of  type  of  appa- 
ratus; the  proper  method  of  sale  of  ice  and  wood;  the  testing  of 
railroad  track  and  mine  scales;  the  marking  of  wrapped  hams  and 
bacon  with  the  net  weight ;  the  standardization  of  shipping 
containers;  and  the  adoption  of  the  metric  system  of  weights 
and  measures. 

THE  EXTRACTION  OF  RUBBER  GOODS.' 
By  S.  W.  Epstein  and  B.  L.  Gonyo. 

[abstract.] 

This  paper  makes  a  complete  study  of  the  various  extracts  as 
determined  in  the  analysis  of  rubber  goods.  The  advantage  of  the 
use  of  mixed  solvents,  namely  acetone-carbon  bisulphide  and 
acetone-chloroform,  over  the  methods  previously  employed  is 
described  with  considerable  detail. 

A  mixture  of  55  per  cent,  carbon  bisulphide  and  45  per 
cent,  acetone  by  volume,  boiling  constantly  at  34.25°  C,  is 
adopted  rather  than  the  acetone-chloroform  mixture  because  of 
the  less  solvent  effect  of  the  acetone-carbon  bisulphide  mixture  on 
the  rubber.  This  makes  it  possible  to  eliminate  the  extraction  with 
chloroform  and  to  determine  free  sulphur  directly  in  the  extract, 
provided  the  bisulphide  is  properly  purified  before  use. 

A  large  number  of  figures  are  presented  to  show  the  distinct 
advantage  of  the  use  of  a  mixed  solvent  over  the  separate 
extractions  with  acetone  and  chloroform,  particularly  in  cheap 
compounds  when  the  material  is  not  all  removed  by  the 
separate  extractions. 

THE   DOUBLE  POLARIZATION  METHOD   FOR  THE   ESTIMA- 
TION  OF  SUCROSE  AND  THE   EVALUATION   OF 
THE  CLERGET   DIVISOR." 

By  Richard  F.  Jackson  and  Clara  L.  Gillis. 
[ahstract.] 

A  SINGLE  polarization  of  a  sugar  mixture  fails  to  give  an 
exact  indication  of  the  quantity  of  sucrose  since  the  observed 

•Technologic  Paper  No.  162. 
"  Scientific  Paper  No.  375. 
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rotation  is  but  tlie  resultant  of  the  rotations  caused  by  the  indi- 
vidual constituents.  Hence  since  we  are  concerned  with  two 
unknown  quantities,  namely  the  rotation  of  sucrose  and  the  rota- 
tions of  all  other  substances  collectively,  it  is  necessary  to 
construct  two  equations.  In  the  Clerget  method  one  equation 
states  that  the  direct  polarization  is  the  sum  of  the  rotations  of 
sucrose  and  the  impurities ;  the  other  states  that  the  invert  polariza- 
tion is  the  sum  of  the  rotations  of  inverted  sucrose  and  the 
impurities.  It  is  therefore  essential  to  know  the  change  of 
rotation  of  sucrose  before  and  after  inversion  and  to  be  sure  that 
the  rotations  of  the  impurities  remain  unchanged  in  the  two 
polarizations.  The  value  of  the  change  of  rotation  of  sucrose 
before  and  after  inversion,  which  is  known  as  the  Clerget  Con- 
stant, was  found  by  Herzteld  ^^  to  be  132. °66  S  if  all  readings 
are  taken  at  20°  C. 

In  the  present  investigation  the  velocity  of  inversion  of  sugar 
and  its  dependence  upon  temperature  and  concentration  of  hydro- 
chloric acid  was  measured  by  starting  the  reaction  quickly  and 
arresting  it  abruptly  by  neutralizing  the  acid.  By  use  of  special 
apparatus  to  accomplish  rapid  mixing  of  the  reagents,  it  was 
possible  to  measure  velocity  to  an  extreme  temperature  of  90°  C. 
and  for  time  intervals  as  low  as  thirty  seconds.  The  knowledge 
obtained  in  these  experiments  enabled  us  tO'  determine  the  length 
of  time  necessary  at  each  temperature  to  produce  99.99  per  cent, 
inversion  of  sucrose.  In  an  analytical  process  it  is  not  feasible 
to  carr}'  out  the  inversion  at  a  constant  temperature,  consequently 
the  above  described  method  was  used  to  determine  the  progress 
of  the  inversion  under  the  prevailing  conditions  of  analysis.  In 
Herzf eld's  method  the  sugar  solution  is  acidified  at  room  tempera- 
ture and  is  heated  rapidly  to  about  69°  C.  for  a  total  time  of  seven 
and  one-half  to  ten  minutes.  We  have  found  that  four  and 
one-half  to  five  minutes  is  sufficient.  There  is  thus  a  period  of 
about  five  minutes  in  which  the  acid  may  act  on  the  products  of 
inversion  and  may  cause  a  diminution  of  negative  rotation.  We 
have  measured  the  rate  of  decomposition  at  various  temperatures 
and  found  it  large  enough  to  be  the  cause  of  considerable  error 
in  analysis.  A  temperature  of  60°  C.  in  the  presence  of  5  ml  con- 
centrated HCl  for  a  total  heating  period  of  nine  minutes  is  much 
more  suitable. 

Applying  the  conditions  most  suitable   for  obtaining  com- 

"  Zeit.  Ver.  Zuckerind.  38,  p.  699,  1888. 
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plete  inversion  and  for  avoiding  decomposition  of  invert  sugar, 
we  have  found  by  a  series  of  eight  concordant  experiments  that 
the  Clerget  Constant  should  be  133.25  at  20°  C.  instead  of  132.66 
as  found  by  Herzfeld.  This  value  is  the  algebraic  difference  of 
two  quantities,  +100°,  the  rotation  of  26  g  of  pure  sucrose,  and 
-33.25,  twice  the  rotation  of  13  g  of  sucrose  inverted  by  5  ml  of 
concentrated  HCl,  both  solutions  being  made  up  to  100  ml  and 
observed  at  20°  C. 

The  next  question  concerns  the  constancy  of  rotation  of  im- 
purities in  the  two  polarizations.  If  invert  sugar  is  present  in  the 
original  material,  its  rotation  is  observed  in  neutral  solution  for 
the  direct  polarization  and  in  acid  solution  for  the  invert  polariza- 
tion. The  effect  of  acid  on  the  rotation  of  invert  sugar  was  meas- 
ured and  found  to  be  expressed  by  the  formula : 
R  =  -32.00  -  0.125  C 

in  which  C  represents  the  number  of  ml  of  i  :  i  HCl  contained 
in  100  ml  of  solution.  There  is  thus  a  change  of  rotation  upon 
acidification  which  in  analysis  is  reported  as  sucrose.  A  study  of 
the  effect  of  other  reagents  showed  that  an  equal  weight  of  salt 
produced  the  same  effect.  The  error  is  thus  corrected  by  the 
addition  of  salt  to  the  solution  for  direct  polarization. 

The  above  formula  gives  for  the  rotation  of  invert  sugar  in 
aqueous  solution  -32.00  which  is  exactly  the  value  obtained  by 
Browne  ^^  by  inverting  sucrose  with  invertase.  The  same  formula 
gives  for  the  rotation  of  invert  sugar  in  the  presence  of  18.18  ml 
of  I  :  I  HCl  the  value  -34.27.  Browne  ^'^  reports  -34.22.  Our 
formula  gives  for  28.59  ml  of  i  :  i  HCl  the  value  -35.57.  Steuer- 
wald  ^*  reports -35.58.  Thus  our  formula  correlates  satisfactorily 
four  widely  separated  points  on  a  curve.  Herzf eld's  value  -32.  °66 
lies  o. °6  away  from  this  curve. 

We  have  moreover  determined  the  rotation  of  invert  sugar  in 
the  presence  of  10  ml  i  :  i  hydrochloric  acid  neutralized  by  ammo- 
nia (-33.91)  and  by  sodium  hydroxide  (-34.02). 

Four  modifications  of  the  Clerget  Method  have  been  proposed 
which  are  adaptable  to  the  various  types  of  sugar  products.  These 
methods  and  comprehensive  tables  are  given  in  full  in  the  ex- 
tended article. 

"/.  Assoc.  Off.  Agr.  Chem..  11,  p.  140,  1916. 

"Ibid.,  p.  136.  Rrf)wnc  reports  — 34.9  for  23.64  g  of  sucrose.  This  becomes 
— 34.22  for  13  g  multiplied  by  2. 

"  Arrhicf.  21,  p.  831,  1913.    Int.  Sug.  J.  15,  p.  480,  1913. 
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COLOR  MATCH   AND   SPECTRAL   DISTRIBUTION. 
By  Edward  P.  Hyde  and  W.  E.  Forsythe. 

When  two  different  radiators  such  as  a  tungsten  and  a  carbon 
lamp  are  color-matched,  i.e.,  adjusted  so  that  the  integral  color  is 
the  same,  there  has  been  some  question  as  to  the  extent  to  which 
they  have  the  same  distribution  of  energy  in  the  visible  spectrum. 
This  was  tested  out  by  one  of  the  writers  some  years  ago  for 
carbon,  tungsten  and  tantalum  for  a  single  temperature  in  the 
neighborhood  of  about  2160°  K.,  and  evidence  was  found  that 
when  the  radiation  intensities  were  set  relatively  equal  at  the 
two  ends  of  the  visible  spectrum  there  was  a  difference  at  the 
centre  of  the  spectrum  of  about  one-half  per  cent,  between  a 
tungsten  and  carbon,  and  about  twice  this  difference  between 
carbon  and  tantalum.  If  two  radiators  have  the  same  spectral 
distribution  when  they  are  color-matched,  they  can  be  brought 
to  the  condition  for  color-matching  by  measurements  on  the  rela- 
tive intensities  of  two  spectral  regions  in  different  parts  of  the 
spectrum.  Using  an  optical  pyrometer  first  with  a  red,  then  with 
a  blue  glass  screen  before  the  eyepiece,  four  different  radiators — 
a  black-body,  tungsten,  tantalum,  and  untreated  carbon — were  set 
at  the  same  relative  intensity  in  the  red  and  blue  parts  of  the 
spectrum  for  several  different  temperatures.  Measurements  were 
then  made  w'ith  the  pyrometer,  using  a  green  glass  screen  to  see 
if  the  four  radiators  when  thus  matched  in  the  red  and  blue  were 
also  matched  in  the  green.  It  was  found  that  if  these  four 
radiators  were  color-matched  by  determining  the  temperature 
for  which  the  ratio  of  the  red  intensity  to  the  blue  intensity  was 
the  same,  then  the  ratio  of  the  red  to  the  green  was  not  what  it 
should  be  if  they  had  the  same  spectral  distribution  when  they 
were  thus  color-matched.  Taking  the  black  body  as  the  standard, 
the  untreated  carbon  was  found  to  be  the  same  within  experi- 
mental errors.  The  ratio  of  red  to  green  for  tungsten  differed 
from  that  of  a  black  body  by  about  one-half  per  cent,  for  a 
temperature  of  about  1500°  K.  to  about  eight  per  cent,  for  a 

*  Communicated  by  the  Director. 
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temperature  of  about  2900°  K.  For  tantalum  this  difference  was 
very  nearly  constant  for  a  range  in  temperature  from  1500°  K. 
to  2700°  K.  and  was  equal  to  about  6  per  cent. 


THE  GOLD-POINT  PALLADIUM-POINT  BRIGHTNESS  RATIO. 
By  Edward  P.  Hyde  and  W.  E.  Forsythe, 

In  a  paper  on  "  The  Effective  Wave-Length  of  Red  Glasses," 
published  in  the  Astrophysical  Journal  in  November,  191 5,  ap- 
peared a  note  on  some  results  on  the  gold-point  palladium-point 
brightness  ratio.  This  data  was'  obtained  by  measurements  with 
an  ordinary  disappearing-filament  optical  pyrometer  with  a  red 
glass  in  the  eyepiece. 

Since  that  time  additional  data  have  been  obtained  by  the  same 
method.  In  addition  some  data  have  been  taken  on  this  ratio  by 
means  of  a  spectral  pyrometer.  In  the  work  on  this  ratio  several 
different  black-body  furnaces  have  been  used.  The  sample  of  gold 
or  palladium  that  was  melted  inside  the  black-body  furnace  was 
mounted  between  platinum  wires  supported  by  two  porcelain  tubes 
in  such  a  manner  that  the  central  part  of  the  sample  could  not 
touch  either  of  these  two  tubes.  This  mounting  was  necessary 
as  it  has  l^een  found  that  if  a  single  tube  is  used,  sometimes  the 
metal  will  touch  and  cling  to  the  end  of  the  tube  so  that  the 
electric  current  through  the  two  platinum  wires  and  the  sample 
used  to  give  a  signal  when  the  sample  melted  would  not  be  broken 
at  the  instant  of  melting  and  thus  a  high  value  would  be  obtained. 
In  the  table  are  given  the  results  of  measurements  on  the  ratio. 

Summary  of  Results  of  Measurements  of  the  Gold-Point   Palladium- 
Point  Brightness  Ratio. 

Number  Number  of                            Average  Result 

Method                                     of  Separate         Melts  A                 of  for  the 

Determin-  Pd.         Au.                              Ratio  Palladium 

ations                                                          Found  Point 

Ordinary  pyrometer  10        45        45        0.6663        76-9        1828.6° K 

Spectral  pyrometer 3         13         i^        0.6018      122.2        1828.3°/^ 

The  values  for  the  palladium  point  were  calculated  from  the 
ratios  found,  from  the  value  of  1336°  K.  for  the  gold  point  and 
from  C2  =  14350/A  deg.  The  range  of  values  for  the  ratio  found 
by  means  of  the  ordinary  optical  pyrometer  is  from  one  per  cent. 
alx)ve  to  the  same  amount  l^low  the  mean  value  given  in  the  above 
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table.  This  range  in  the  ratio  corresponds  to  about  one-twelfth 
of  one  per  cent,  in  the  value  for  the  melting  point  of  palladium. 
Thus  the  range  due  to  this  error  is  about  ±  1.5°  K.  The  range 
for  the  values  using  the  spectral  pyrometer  was  about  the  same, 
being  in  this  case,  somewhat  less  than  one  per  cent.  As  a  result 
of  this  work  the  Laboratories  of  the  General  Electric  Company 
have  decided,  for  the  time  being,  to  accept  1828°  K.  as  the  palla- 
dium point. 

Alcoholic  Fermentation  in  the  Presence  of  Calcium  Carbon- 
ate.— JoHAXxEs  Kerb  (Berichte  dcr  dcutschcn  chcmischcn  Gcscl- 
Ischaft,  1919,  lii,  1 795-1800)  has  permitted  both  top  yeast  and  bottom 
yeast  to  act  on  an  aqueous  solution  of  sucrose  (cane  sugar)  and 
inorganic  nutrient  salts,  to  which  calcium  carbonate  had  been 
added.  Both  varieties  of  yeast  produced  a  normal  yield  of  alco- 
hol. An  insignificant  increase  occurred  in  the  amount  of  acetal- 
dehyde  and  of  volatile  acids,  chiefly  acetic  acid.  Not  even  traces 
of  pyroracemic  acid  could  be  found.  Alcoholic  fermentation  of 
sugars  like  glucose  CgHijOg  may  be  explained  by  formation  of 
pyroracemic  acid  CH3COCOOH,  conversion  of  the  latter  into 
acetaldehyde  CH3CHO  by  loss  of  carbon  dioxide  COg,  and  re- 
duction of  the  aldehyde  to  ethyl  alcohol  CHgCHoOH.  However, 
calcium  pyroracemate,  like  the  free  acid,  is  fermentable  ;  this  prob- 
ably accounts  for  its  failure  to  accumulate  even  though  calcium 
carbonate  was  present  to  neutralize  the  pyroracemic  acid  as  soon 
as  formed. 

J.S.H. 

Action  of  Certain  Organic  Accelerators  in  the  Vulcanization 
of  Rubber. — G.  D.  Kratz,  A.  H.  Flower,  and  Cole  Coolidge 
{Journal  of  Industrial  and  Engineering  Chemistry,  1920,  xii,  317- 
324)  have  reached  the  following  conclusions  in  a  research  on  this 
subject.  The  action  of  certain  compounds,  such  as  dipheny- 
thiourea,  as  accelerators  is  due  to  their  tendency  to  decompose  at 
the  temperature  and  under  the  conditions  of  vulcanizing  into 
simpler  compounds  which  contain  an  active  nitrogen  group ;  the 
latter  is  responsible  for  the  acceleration.  The  same  accelerating 
action  is  exerted  by  equimolecular  quantities  of  compounds  which 
contain  the  same  active  nitrogen  group  in  their  primary  nucleus. 
The  accelerating  action  of  the  parent  compound  is  decreased  when 
hydrogen  in  the  active  nitrogen  group  is  replaced  by  other  and 
larger  groups  or  radicals.  The  activity  of  the  nitrogen  is  ascribed 
to  a  change  in  its  valence  from  three  to  five  with  the  temporary 
addition  of  sulphur ;  the  active  nitrogen  group,  therefore,  func- 
tions as  a  sulphur-carrier. 

J.  S.  H. 
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Forest  Products  Laboratory  Decennial  Celebration. — Prelimi- 
nary arrangements  are  well  under  way  for  the  observance  at  Madison, 
Wisconsin,  during  the  latter  part  of  June  of  the  tenth  anniversary  of 
the  opening  of  the  Forest  Products  Laboratory.  A  large  gathering  of 
representatives  from  the  various  industries  interested  in  the  labora- 
tory's work  will  be  present  and  opportunity  will  be  afforded  for 
becoming  more  familiar  with  the  extent  and  significance  of  its  activi- 
ties. Present  plans  call  for  a  two-day  meeting,  with  addresses 
by  men  of  national  reputation  in  science  and  industry,  tours  of 
inspection  through  the  laboratory,  informal  discussions,  and  various 
foims  of  entertainment. 

The  Forest  Products  Laboratory  is  a  branch  of  the  United  States 
Forest  Service,  established  in  1910  in  cooperation  with  the  University 
of  Wisconsin,  and  is  a  consolidation  of  a  number  of  testing  labora- 
tories and  other  units  of  the  Forest  Service  which  had  been  located 
at  various  points  throughout  the  United  States.  It  is  engaged  princi- 
pally in  industrial  research  on  problems  connected  with  the  manufac- 
ture and  use  of  forest  products,  including  besides  lumber,  posts,  poles, 
ties,  and  similar  products,  pulp  and  paper,  naval  stores,  hardwood 
and  softwood  distillation  products,  and  other  chemicals  and  pharma- 
ceuticals. At  the  present  time  the  laboratory  employs  about  200 
people  and  occupies  five  buildings  in  whole  or  in  part. 

R. 

Aniline  Poisoning. — Max  Nassauer  (Zcitschrift  fiir  angc- 
ivandtc  Chcmic,  1919.  xxxii  (I),  333-335)  states  that  a  malignant 
tumor  or  cancer  of  the  bladder  occurs  as  an  occupational  disease 
among  workmen  w'ho  are  exposed  to  the  vapors  of  aniline.  Dur- 
ing a  period  of  twenty-three  years,  from  25  to  30  per  cent,  of  the 
tumors  of  the  bladder,  which  came  to  operation  at  the  surgical 
clinic  of  the  University  at  Frankfurt  am  Main,  were  caused  by 
aniline.  The  vapors  of  aniline  are  inhaled  highly  diluted  with 
air;  their  effect  on  the  bladder  is  slowly  cumulative;  the  first 
symptoms  of  the  cancer  appear,  on  the  average,  when  the  work- 
man has  been  employed  in  the  factory  for  sixteen  years.  In 
order  to  reduce  the  danger  to  a  minimum,  the  plant  must  be  con- 
structed of  impervious  materials  and  be  amply  ventilated  ;  the 
evolved  gases  must  be  j^urified  before  their  escape  into  the  atmos- 
phere ;  closed  apparatus  must  be  used ;  liquid  raw  materials  and 
products  must  l)e  handled  with  compressed  air,  solids  by  mechani- 
cal devices.  Amjde  bathing  facilities  must  be  provided  and  used 
at  the  end  of  each  day's  work.  Clean  work  clothes  and  wooden 
shoes  must  l)e  worn  daily,  and  gas-masks  and  rubber  gloves  must 
be  used  when  necessary.  The  urine  of  the  workmen  should  be 
examined  at  fre(|uent  inter\'als. 

J.S.II. 
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THE   CONSTITUTION    OF   CAPSAICIN,  THE   PUNGENT   PRIN- 
CIPLE OF  CAPSICUM,  II.' 

»  By  E.  K.  Nelson. 

[abstract.] 

Since  the  appearance  of  the  author's  first  communication  on 
this  subject,"  Lapworth  and  Royle  ^  have  pubHshed  the  results 
of  their  work  on  capsaicin. 

As  Lapworth  and  Royle  are  not  fully  disposed  to  accept  the 
constitution  of  capsaicin  as  stated,  further  confirmation  of  its 
structure  was  sought  in  the  regeneration  of  capsaicin.  This 
synthesis  was  successfully  accomplished,  and  the  capsaicin  formed 
found  to  be  in  all  respects  identical  with  the  natural  substance. 

S}'nthetic  vanillyl  octoyl  amide  was  found  to  resemble  cap- 
saicin closely  in  its  stability  toward  boiling  concentrated  sodium 
hydroxide  solution,  and  in  its  solubility  in  concentrated  hydro- 
chloric acid. 

The  decenoic  acid  isolated  from  capsaicin  was  found  to  yield, 
when  fused  with  potassium  hydroxide,  acetic  acid  and  octoic 
acid  with  a  branched  chain. 


A  PINK  YEAST  CAUSING  SPOILAGE  IN  OYSTERS.* 
By  Albert  C.  Hunter. 

[abstract.] 

Ax  investigation  of  the  cause  of  the  pink  color  which  develops 
in  oysters  during  shipment  was  conducted  on  Narragansett  Bay 
and  in  the  oyster  houses  of  Rhode  Island.  The  organism  respon- 
sible for  the  pink  color  was  studied  in  detail,  with  the  object  of 
preventing  its  introdiix:tion  into  shipments  of  oysters.  The 
results  of  this  investigation  are,  in  part,  as  follows: 

*  Communicated  by  the  Director. 

'  Published  in  /.  Am.  Chein.  Soc,  42,  597-9  (1920). 
V.  Am.  Chem.  Soc,  41,  11 15  (1919)- 
'/.  Chem.  Soc,  Trans.,  115,  1109  (1919). 

*  U.  S.  Dept.  Agr.  Bull.  819,  issued  March  10,  1920. 
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The  organism  causing  a  pink  color  in  oysters  is  a  yeast-like 
fungus  found  in  large  numbers  in  and  about  the  oyster  house, 
and  occasionally  present  in  oysters  before  being  brought  to-  the 
oyster  house.  About  3  per  cent,  of  the  samples  of  water  from 
the  oyster  beds  showed  the  presence  of  the  pink  yeast  which, 
however,  was  never  recovered  from  mud  samples  from  the  bottom 
O'f  the  bay. 

Tests  for  acid,  gas,  alcohol,  indole  and  phenol  were  negative. 
The  yeast  inverts  saccharose  and  reduces  nitrates  to  nitrites  and 
ammonia.  It  produces  a  pink  pigment  which  is  insoluble  in 
water,  slightly  soluble  in  alcohol  and  carbon  disulphide,  somewhat 
more  soluble  in  chloroform,  and  very  soluble  in  ether.  Formalde- 
hyde gas,  I  part  to  2500  parts  of  water,  kills  the  yeast. 

The  greater  part  of  the  contamination  of  oysters  with  the 
pink  yeast  occurs  during  the  process  of  handling  in  the  oyster 
house.  The  shell  pile  of  the  opening  house  offers  the  yeast  a 
favorable  place  to  grow,  and  when  the  shells  are  later  deposited  on 
the  oyster  beds  they  distribute  the  yeasts  in  the  water. 

To  prevent  the  infection  of  opened  oysters  by  the  yeast,  the 
house  and  utensils  should  be  washed  occasionally  through  the 
opening  season  with  a  i  to  2500  formaldehyde  solution  (for- 
malin I  to  1000). 

PURIFICATION    OF   BENZOIC   ACID    BY    FRACTIONAL 
CONDENSATION.' 

By  Max  Phillips  and  H.  D.  Gibbs. 

[abstract.] 

Benzoic  acid,  made  by  the  chlorination  of  toluene,  is  con- 
taminated with  small  amounts  of  compounds  chlorinated  in  the 
ring,  the  presence  of  which  is  most  objectionable  from  the  physio- 
logical point  of  view  when  benzoic  acid  is  used  in  food  products. 
While  it  is  very  difficult  to  remove  these  compounds  by  the  ordi- 
nary methods  of  purification,  benzoic  acid  practically  free  from 
chloro-derivatives  was  obtained  in  the  Bureau  of  Chemistry 
by  the  use  of  a  special  apparatus.  This  apparatus  consisted  of  a 
vessel  in  which  the  crude  benzoic  acid  was  placed.  The  vessel 
was  immersed  in  an  oil  bath  kept  at  a  definite  temperature.  A 
blast  of  hot  air  was  passed  into  the  crude  benzoic  acid  and  the 

Published  in  /.  Ind.  Eug.  Chew..  12,  277  (1920). 
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vapors  coming  off  were  conducted  through  a  series  of  chambers, 
maintained  at  different  temperatures.  The  least  volatile  chloro- 
derivatives  separated  out  in  the  hotter  chambers,  whereas  the  more 
volatile  benzoic  acid  collected  in  the  colder  chambers. 


SOME  ASPECTS  OF  THE  BEHAVIOR  OF  CHARCOAL  WITH 
RESPECT  TO  CHLORINE." 

By  G.  S.  Bohart  and  E.  Q.  Adams. 

[abstkact.] 

This  investigation  was  undertaken  to  determine  the  cause 
of  discrepancies  between  results  obtained  by  different  laboratories 
for  the  chlorine  capacity  of  the  same  charcoals.  To  study  the 
effect  of  temperature  and  humidity  of  the  air  stream  with  which 
the  chlorine  was  diluted  (usually  i  :  1000),  mixtures  of  known 
air,  chlorine,  and  moisture  content  were  passed  through  the  char- 
coal which  was  held  in  a  glass  chamber  in  a  constant  temperature 
bath.  The  chlorine  and  hydrochloric  acid  in  the  outgoing  gas 
were  determined  from  time  to  time. 

In  the  particular  series  of  charcoals  studied,  the  variation 
in  chlorine-absorbing  power  bqtween  different  charcoals  was 
greater  than  would  result  from  any  attainable  variation  in  humid- 
ity, and  the  order  of  the  charcoals  with  respect  to  absorptive 
power  is  not  the  same  as  that  with  respect  to  apparent  density. 

The  duration  of  complete  chlorine  absorption  ( i )  increases 
more  rapidly  than  the  thickness  of  the  layer  of  charcoal,  (2) 
passes  through  a  minimum  at  a  temperature  between  0°  and 
12.5°,  and  (3)  at  a  humidity  in  the  neighborhood  of  50  per  cent, 
and  (4)  is  diminished  by  increasing  the  flow  of  air,  the  rate  of 
supply  of  chlorine  remaining  constant.  Reductions  in  pressure 
up  to  two  feet  of  water  (barometric  pressured  down  to  71  cm. 
mercur}')  has  little  or  no  effect. 

For  the  charcoals  studied:  Below  12.5°  chlorine  appeared 
beyond  the  charcoal  before  hydrogen  chlorid;  above  12.5°  hydro- 
gen chlorid  before  chlorine,  and  the  chlorine  capacity  of  the 
charcoal  was  increased  by  one  exposure  to  chlorine  followed  by 
heating  in  vacuo  to  dull  redness. 

'Published  in  /.  Am.  Chem.  Soc,  42,  523-44  (1920). 
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Borax  as  a  Plant  Poison.  (Department.  Cir.  84,  U.  S.  Dept.  of 
Agriculture.) — The  cessation  of  potash  imports  upon  the  oubreak  of 
the  war  gave  great  impetus  to  search  for  domestic  sources  of  the 
substance.  Current  topic  notes  in  recent  issues  of  this  Journal 
have  furnished  some  of  the  interesting  data  on  these  new  industries. 
Among  the  sources  operated  on  a  rather  large  scale  was  that  of 
Searles  Lake,  California,  from  which  many  tons  were  taken.  In 
1917  injurious  effects  were  produced  by  some  fertilizers  of  do- 
mestic manufacture  and  it  was  found  that  borax  was  the  cause  of 
this.  Investigations  were  undertaken,  and  in  1918  Professor  Con- 
ner of  the  Indiana  Agricultural  Experiment  Station  published  a 
report  which  attracted  considerable  attention,  as  it  showed  that 
very  small  amounts  of  borax  can  produce  poisonous  effects  on 
maize.  This  seems  to  be  the  first  record  of  such  action,  and  of 
the  occurrence  of  borax  in  appreciable  amounts  in  a  commercial 
fertilizer.  Conner's  conclusion  was  that  a  fertilizer  containing  2 
per  cent,  of  borax  in  the  proportion  of  100  pounds  per  acre  will 
cause  damage  to  maize.  The  United  States  Department  of  Agri- 
culture began  in  1919  experiments  with  Searles  Lake  potash,  which 
was  found  to  contain  6.25  per  cent,  of  NaoB^O^.  This  potash  was 
used  in  complete  fertilizers  in  such  proportion  as  to  give  from  2  to  8 
per  cent,  of  K^O,  and  was  compared  with  potash  from  other 
sources.  The  experiments  were  carried  out  with  potatoes  in  the 
northern  and  some  southern  states  and  with  cotton  in  other  states. 
While  these  experiments  were  in  progress,  complaints  were  re- 
ceived in  large  numbers  from  different  districts  stating  that 
great  injury  was  being  done  by  potash  fertiHzers.  Investigations 
in  these  districts  showed  that  in  all  cases  borax  was  present.  The 
damage  was  greatest  when  the  fertilizer  had  been  drilled  in  with 
the  seed,  and  more  severe  when  soil  and  climatic  conditions  were 
such  as  to  cause  the  fertilizer  to  remain  long  in  contact  with  the 
seed  or  the  recently  sprouted  form.  The  greatest  damage  was 
done  to  germination.  In  the  case  of  the  potato  the  affected  plants 
showed  characteristic  conditions  which  cannot  be  mistaken  for 
any  form  of  disease  and  which  are  fully  described  in  the  circular. 
It  is  not  thought  likely  that  permanent  damage  has  been  done  to 
fields  thus  poisoned,  as  rainfall  among  other  conditions  will  gradu- 
ally remove  the  borax,  but  if  fertilizers  containing  this  substance 
continue  in  use,  it  will  be  incumbent  upon  those  engaged  in  fer- 
tilizer investigation  to  determine  the  possible  cumulative  effect. 
The  quantity  of  borax  sufficient  to  produce  decided  toxic  eflfects 
is  small  compared  with  well-known  poisons  such  as  copper  and 
arsenic.  The  Searles  Lake  company  is  now  turning  out  potash 
salts  with  less  than  one-half  of  one  per  cent,  of  borax. 

H.  L. 
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BLOW  HOLES,  POROSITY   AND  UNSOUNDNESS  IN 
ALUMINUM  ALLOY  CASTINGS. 

By  Robert  J.  Anderson. 

It  is  impossible  to  compile  a  code  of  directions  which  a  melter 
can  follow  implicitly  and  obtain  lOO  per  cent,  of  sound  castings. 
The  main  conclusions  that  can  be  drawn  from  experimental 
study  are : 

1.  The  higher  the  pouring  temperature  the  greater  the  num- 
ber of  blowholes  and  the  more  unsound  the  casting. 

2.  The  higher  the  temperature  to  which  the  charge  is  heated 
the  more  unsound  the  castings  are,  regardless  of  the  pour- 
ing temperature. 

3.  The  longer  any  melt  is  held  in  the  furnace  the  more 
unsound  the  castings  are,  regardless  of  the  temperature  of  heating 
and  pouring. 

All  possible  combinations  of  these  three  may  be  obtained, 
ranging  from  the  worst  result  where  pouring  is  done  at  a  high 
temperature  after  the  charge  has  been  held  a  long  time  in  the 
furnace  at  a  high  temperature,  to  the  best  where  pouring  is  done 
at  a  low  temperature  from  a  charge  held  the  minimum  time  after 
it  has  melted.  There  is  no  evidence  to  justify  a  belief  that  unsound 
castings  result  from  too  low  a  pouring  temperature.  The  best 
results  will  be  obtained  through  a  close  supervision  of  melting 
and  pouring,  together  with  a  study  of  the  appropriate  correla- 
tion between  the  molding  fioor  and  the  furnace  room.  It  will 
be  best  to  have  the  molding  floor  waiting  for  metal  rather  than 
the  furnace  room  waiting  for  molds.  Close  pyrometric  control 
is  also  presupposed.  The  details  of  experimental  investigations 
on  which  these  conclusions  are  based  are  given  in  Technical 
Paper  241  of  the  Bureau  of  Mines. 

*  Communicated  by  the  Director. 
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MINOR  NOTES 
Gases  in  Tunnels. — In  connection  with  the  investigation  of 
automobile  exhaust  gases  in  vehicular  tunnels,  which  is  being 
made  at  the  Pittsburgh  station  in  cooperation  with  the  New  York 
and  New  Jersey  Tunnel  Commission,  a  test  made  on  a  roadster 
with  different  carburetor  settings  while  running  15  miles  per 
hour  uphill  with  three  passengers,  showed  that  the  carbon  mon- 
oxide produced  at  60  °F.  ranged  from  2.  per  cent,  at  i^  turns 
of  the  needle  valve  to  11.6  per  cent,  carbon  monoxide  at  i^ 
turns  of  the  needle  valve.  This  corresponded  to  13.9  and  8.73 
miles  per  gallon  of  gasohne  respectively.  The  car  did  not  exhibit 
the  necessary  flexibility  at  one  turn  of  the  needle  valve,  which 
gave  1.2  per  cent,  carbon  monoxide  and  14.9  miles  per  gallon, 
the  air  on  the  carburetor  being  choked  one-half.  Slight  changes 
in  the  adjustment  of  the  carburetor  afifect  the  composition  of  the 
exhaust  gases  very  materially,  and  greatly  afifect  the  mileage  per 
gallon  of  gasoline  consumed. 

Evaporation  of  Oil. — A  study  of  evaporation  losses  of  oil  in 
storage  and  transportation  in  the  mid  continent  field  has  been 
completed  and  is  being  prepared  for  publication.  The  bulletin 
will  point  out  clearly  the  loss  in  quantity  of  crude  oil  and  gasoline 
and  in  dollars  and  cents,  giving  instances  of  just  where  these 
losses  occur  under  the  ordinary  methods  of  handling  the  oil  from 
the  well  to  the  refinery. 

Petroleum  from  Oil  Sands. — A  study  of  problems  relating 
to  increased  recovery  of  petroleum  from  oil  sands  has  been 
started  at  the  Bartlesville  station  of  the  Bureau. 

Marine  Boiler  Tests. — The  boiler  tests  made  for  the  Emer- 
gency Fleet  Corporation  at  Erie,  Pa.,  have  been  completed. 
These  tests  indicated  that  relatively  simple  modifications  of  the 
design  of  marine  boilers  would  enable  six  tons  of  coal  to  do  the 
work  of  seven. 

Graphite  for  Crucibles. — A  study  of  the  use  of  American 
Graphites  in  Crucible  making  by  Dr.  Reinhardt  Thiessen, 
of  the  Pittsburgh  Station,  indicates  that  American  graphites  are 
composed  of  innumberable  very  thin  plates.  These  plates  are 
grouped  into  natural  orders,  by  means  of  natural  cleavage  planes. 
These  orders  may  conveniently,  though  perhaps  not  strictly,  be 
classified  as  primary,  secondary,  tertiary  and  quarternary,  each 
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order  being  determined  by  primary,  secondary,  tertiary  and  quar- 
temary  cleavage  planes. 

The  flakes  as  they  are  found  in  the  rock  contain  one  or  more 
cleavage  planes  along  which  the  several  plates  are  held  together 
very  loosely,  and  through  a  slight  agitation  or  effort  they  may 
divide  into  two  or  more  distinct  flakes.  This  would  constitute 
the  secondary  groups.  Each  of  the  secondary  groups  in  turn 
contain  one  or  more,  usually  several,  natural  cleavage  planes, 
along  which  the  plates  hold  together  relatively  loosely,  but  more 
firmly  than  the  primary,  along  which  they  may  be  separated  or 
loosened  up  by  mechanical  means,  into  tertiary  groups  of  plates. 
At  a  higher  magnification  of  a  cross-section  of  the  flakes,  it  is 
found  that  the  tertiary  groups  again  contain  cleavage  planes, 
tertiary  planes,  dividing  them  in  turn  with  quarternary  lamina- 
tions. These  orders  of  laminations  are  so  thin  that  they  can  not 
be  separated  by  mechanical  means.  The  quarternary  laminations 
are  in  the  neighborhood  of  one  micron  in  thickness. 

In  puffed  graphite,  however,  they  have  been  separated.  By 
transforming  graphite  into  graphitic  acid,  it  is  shown  that  the 
quarternary  laminae  consist  further  of  a  series  of  sublaminations. 
The  ultimate  plates  are  of  submicroscopic  thickness,  probably  in 
the  neighborhood  of  50  to  150  millicrons. 

The  various  methods  employed  to  separate  the  graphite  from 
the  gangue  divides  the  original  flakes  more  or  less  into  thinner 
flakes  along  the  primary  and  secondary  cleavagje  planes,  or 
loosens  them  up  along  these  planes  as  well  as  along  the  tertiary 
planes.    This  results  in  a  fluffy,  incoherent  flake. 


Photosensitiveness  of  Thallium  Chloride. — Carl  Renz  (Helv. 
Chim.  Acta.,  1919,  vol.  ii,  704)  describes  a  series  of  experiments 
showing  that  thallium  chloride  (TlCl)  is  affected  by  light, 
indicated  by  color  changes  in  the  order  gray  brown,  dark  gray 
brown,  and  brownish  black.  The  changes  are  largely  molecular,  but 
some  subchloride  is  also  formed.  Hydrochloric  acid  even  in  minute 
amounts  prevents  the  action,  as  also  do  sulphuric  and  nitric  acids. 
Ammonia,  ethylamin  and  a  large  number  of  organic  liquids  and 
many  inorganic  salts  act  as  sensitizers.  The  sensitiveness  of  the 
salt  is  influenced  by  the  method  of  preparation.  Specimens  pre- 
pared by  precipitation  of  thallium  solution  with  metallic  chlorides 
are  much  more  sensitive  than  that  prepared  by  precipitation  with 
hydrochloric  acid,  even  when  this  is  thoroughly  washed. 

H.L. 
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The  Height  of  the  Aurora  Borealis  as  Determined  at  the 
Haldde  Observatory,  Norway.  L.  Vegard  and  O.  Krognes. 
{^Annalen  der  Physik,  vol.  li,  1916.) — If  the  aurora  is  photographed 
at  the  same  time  from  two  stations  it  is  possible,  as  Stoermer 
has  shown,  to  get  the  height  of  any  characteristic  feature  appear- 
ing on  both  plates  from  its  two  different  positions  with  respect  to 
the  stars.  The  stations  must  have  telephonic  connection.  Those 
by  means  of  which  the  greatest  number  of  determinations  have 
been  made  are  26.3  km.  apart. 

The  upper  boundaries  of  the  auroras  vary  from  100  to  330  km. 
above  the  earth,  and  are  usually  indistinct.  They  are  highest  for 
rays  and  lowest  for  arches.  The  lower  boundaries  are  clearly 
defined.  No  less  than  1920  measurements  of  height  are  divided 
into  six  groups,  according  to  the  forms  assumed  by  the  aurora  and 
the  average  height  is  calculated  for  each  class.  It  is  remarkable 
how  closely  these  average  heights  of  the  lower  boundaries  are 
grouped  together  between  104  and  114  km.,  the  general  average 
being  108.2  km.  When  curves  are  formed  by  plotting  the  number 
of  lower  limits  at  a  height  against  the  height  it  is  found  that 
there  are  two  maxima  corresponding  to  heights  of  100  and  106 
km.  respectively,  which  persist  in  showing  themselves  even  when 
results  from  different  pairs  of  stations  are  used  for  the  curve. 

G.  F.  S. 

A  New  Method  of  Determining  the  Solar  Constant  of  Radia- 
tion. C.  G.  Abbot.  (Proc.  of  the  National  Academy  of  Sciences, 
January,  1920.) — The  method  hitherto  employed,  that  of  Langley, 
consisted  in  measuring  the  intensity  of  solar  radiation  at  the 
earth's  surface  and  then  of  determining  the  transparency  of  the 
atmosphere  for  all  wave-lengths  by  the  spectro-bolometer.  The 
latter  part  required  several  hours  during  which  the  atmosphere 
should  not  have  changed.  At  the  Calama  Smithsonian  Station  a 
new  and  faster  method  has  been  developed.  The  brighter  the  sky 
is  and  the  larger  the  amount  of  water  vapor  in  the  air,  the  less  is 
the  atmospheric  transmission.  Quantities  can  be  measured  which 
are  determined  by  brightness  of  sky  and  by  content  of  water 
vapor.  A  function  of  these  two  quantities  is  formed  and  is  plotted 
against  air  transmission  coefficients,  all  the  quantities  involved 
being  related  to  similar  atmospheric  conditions.  It  takes  only  ten 
minutes  to  make  all  the  measurements  needed  to  determine  the 
function  mentioned.  When  it  has  been  determined,  the  trans- 
mission coefficient  can  be  read  off.  Several  radiation  determina- 
tions can  be  completed  in  a  single  day,  and  besides  this  the  new 
method  can  be  applied  on  a  greater  number  of  days  than  the 
old  one  could. 

G.  F.  S. 
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(Proceedings  of  the  Stated  Meeting  held  Wednesday,  April  21,  1920.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  April  21,  1920. 

President  Dr.  Walton  Clark  in  the  Chair. 

Additions  to  membership  since  last  report,  7. 

The  following  gentlemen,  nominated  by  the  Board  of  Managers,  were 
unanimously  elected  to  Honorary  Membership:  Sir  Charles  Algernon 
Parsons.  K.C.B.,  C.B.,  M.A.,  LL.D.,  D.Sc,  F.R.S.,  and  Prof.  Svante  August 
Arrhenius,  Ph.D.,  M.D.,  D.Sc,  LL.D. 

Reports  were  presented  by  the  Committee  on  Library  and  the  Com- 
mittee on  Science  and  the  Arts. 

The  paper  of  the  evening  on  "  The  Design  of  War  Vessels  as  Affected 
by  the  World  War "  was  presented  by  Rear  Admiral  David  Watson 
Taylor,  Chief  Constructor,  U.  S.  N.,  Chief  of  Bureau  of  Construction  and 
Repair,  Navj-  Department,  Washington,  D.  C.  A  description  was  given 
of  the  various  tj-pes  of  vessels  existing  at  the  beginning  of  the  war  and 
the  improvements  and  changes  made  or  shown  to  be  desirable  during  the 
progress  of  the  war.  The  question  of  new  types  of  war  vessels  growing 
out  of  war  experience  was  also  discussed.  Lantern  slides  of  various 
classes  of  war  vessels  of  several  countries  were  shown. 

After  a  vote  of  thanks  to  the  speaker  the  meeting  adjourned. 

R.  B.  Owens, 

Secretary. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

{Abstract  of  Proceedings  of  the  Stated  Meeting  held   Wednesday, 
April  7,  1920.) 

Hall  of  the  Institute, 
Philadelphia,  April  7,   1920. 
Mr.   Charles  Penrose  in  the  Chair. 

On   the  recommendation   of  the  Sub-Committee   on    Literature,   the 
following  awards  were  made  for  papers  in  the  Journal,  1919: 
No.  2757 :     The  Edward  Longstreth  Medal  of  Merit  to  Mr.  M.  Luckiesh,  of 
the  Nela  Research  laboratory,  Nela  Park,  Cleveland,  Ohio,  for  his  paper 
entitled :    "  The  Visibility  of  Airplanes,"  which  appeared  in  the  issues  of 
the  Journal  of  The  Franklin  Institute  for  March  and  April,  1919. 
Xo.  2758:     The  Certificate  of  Merit  to  Messrs.  David  Landau  and  Percy  H. 
Parr  for  their  series  of  papers  on  "  A  New  Theory  of  Plate  Springs," 
which  appeared  in  the  Journal  of  The  Franklin  Institute  for  April, 
1918,  December,  1918,  and  February,  1919. 
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The  following  reports  were  presented  for  first  reading: 
Xo.  2746:  Method  of  Machining  Propeller  Blades. 

Mr.  Charles  W.  Masland,  Chairman. 
No.  2747 :  Concealing  Coloration. 
Dr.  Thomas  D.  Cope,  Chairman. 

R.  B.  Owens, 

Secretary. 


SECTIONS. 


Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  and 
the  Physics  Club  of  Philadelphia  was  held  in  the  Hall  of  the  Institute 
on  Thursday,  April  i,  at  8  o'clock,  p.m.  Dr.  Thomas  D.  Cope  in  the  Chair. 
The  minutes  of  the  previous  meeting  were  approved  as  read. 

Charles  E.  Mendenhall,  Ph.D.,  Professor  of  Physics  in  the  University 
of  Wisconsin,  delivered  a  lecture  on  "  Aeronautical  Instruments."  A 
description  was  given  of  the  standard  instruments  used  for  the  determina- 
tion of  height,  speed  and  engine  performance,  and  for  the  navigation  of 
the  airplane.  Mention  was  also  made  of  instruments  which  are  being 
developed  for  these  purposes.     The  lecture  was  illustrated  with  lantern  slides. 

The  paper  was  discussed;  a  rising  vote  of  thanks  was  extended  to 
Doctor  Mendenhall,  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 

Electrical  Section. — A  joint  meeting  of  the  Section  and  the  Philadelphia 
Section,  American  Institute  of  Electrical  Engineers,  was  held  on  Thurs- 
day evening,  April  8,  1920.  Mr.  W.  C.  L.  Eglin  and  Mr.  W.  F.  James 
presided  jointly. 

The  paper  of  the  evening  on  "  Electric  Welding  as  Applied  to  Ship- 
building "  was  presented  by  Comfort  A.  Adams,  S.B.,  E.E.,  Dean  of  the 
Harvard  Engineering  School,  Harvard  University,  Cambridge,  Mass. 
The  speaker  reviewed  the  theory  and  practice  of  electric  welding,  includ- 
ing resistance  welding,  spot  welding,  and  arc  welding.  The  strength  and 
other  physical  properties  of  electric  welds  were  considered,  as  well  as  the 
application  of  electric  welding  in  the  industries.  An  account  was  given 
of  past  experience  in  the  use  of  electric  welding  in  shipbuilding,  with 
some  indications  of  its  future  prospects.  Attention  was  also  given  to  the 
design  and  construction  of  welded  ships.  The  subject  was  illustrated 
by  lantern  slides. 

After  a  vote  of  thanks  to  the  speaker  the  meeting  adjourned. 

Alfred  Rk.i.ing, 
Acting  .Secretary. 

Mininij  and  MclaUurgical  Section. — A  joint  meeting  of  the  Section  and 
the  Philadelphia  Section  of  the  American  Chemical  Society  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  April  15,  at  8  o'clock,  with 
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Prof.  Alexander  E.  Outerbridge,  Jr..  in  the  Chair.     The  minutes  of  the 
previous  meeting  were   approved  as  published. 

D.  A.  Lyon,  Ph.D..  Bureau  of  Mines,  U.  S.  Department  of  the  Interior, 
Washington.  D.  C,  delivered  a  lecture  on  "  Recent  Progress  in  the  Metal- 
lurgy of  Xon-ferrous  Metals."  An  account  was  given  of  recent  advances 
in  the  winning  of  gold,  silver,  copper,  lead,  and  zinc  from  their  ores.  The 
paper  was  discussed  by  Doctors  Keller  and  Lyon,  Professor  Outerbridge 
and  Mr.  Clamer.  On  motion  of  Mr.  Clamer,  a  vote  of  thanks  was  extended 
to  Doctor  Lyon  for  his  valuable  communication.    The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 
Acting  Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS    TO    MEMBERSHIP. 

(Stated  Meeting,  Board  of  Managers,  April  14,  1920.) 

RESIDENT. 

Mr.  Samuel   G.    Dixon,  2d,    Alarine    Engineer,    Montgomery   Avenue,    Ard- 

more,  Pennsylvania. 
Dr.  Franklin  G.  Hawksworth,  Dentist,  314  N.   13th  Street,   Philadelphia, 

Pennsylvania. 
Mr.  Walter  E.  Holland,  Research  Engineer,   Philadelphia   Storage   Battery 

Company,  Ontario  and  C  Streets,  Philadelphia,  Pennsylvania. 
Mr.  Roland  G.  Porter,  Gas  Engineer,  Swarthmore,  Pennsylvania. 

associate. 
Mr.  Felipe  T.  Adriano,  Industrial  Chemist,  102  N.  Orchard  Street,  Madison, 

Wisconsin. 
Mr.    F.    MacMurphy,    Student,    301    West    io8th    Street,    New    York    City, 

New  York. 
Mr.  Samuel  X.  Morrison,  Manufacturer  of  Oil  Dressings,   143  W.  Lehigh 

Avenue,  Philadelphia,  Pennsylvania. 

CHANGES    OF    ADDRESS. 

Mr.  A.  I.  Applebaum,  P.  O.  Box  808,  Trenton,  New  Jersey. 

Mr.  J.  Vaughan  Bostwick,  Roxborough,  Philadelphia,  Pennsylvania. 

Dr.  M.  E.  Cooley,  Engineering  Building,  University  of  Michigan,  Ann 
Arbor,  Michigan. 

Mr.  Edwin  Frank,  5233  "A"  Wissahickon  Avenue,  Germantown,  Philadel- 
phia, Pennsylvania. 

Mr.  G.  L.  Kothny,  Woodland  Road,  Strafford,  Pennsylvania. 

Mr.  H.  H.  Maxfield,  General  Superintendent,  Motive  Power,  Pennsylvania 
System,  Central  Region,   Pennsylvania  Station,   Pittsburgh,   Pennsylvania. 

Mr.  W.  Heyward  Myers,  Haverford,  Pennsylvania. 

Prof.  C.  C.  Thomas.  Johns  Hopkins  University,  Baltimore,  Maryland. 

Dr.  J.  A.  L.  Waddell,  35  Nassau  Street,  New  York  City,  New  York. 

Mr.  J.  R.  Watkins,  817  Oakbridge  Avenue,  Madison,  Wisconsin. 
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NECROLOGY. 

Carrol  M.  Bunting  was  born  at  Darby,  Pa.,  on  September  15,  1871,  and 
died  in  Philadelphia  on  March  4,  1920. 

He  was  educated  at  the  Darby  Friends  School,  the  Philadelphia  Public 
Schools  and  Bryant  and  Stratton's  Business  College. 

In  1887  he  became  a  clerk  in  the  Freight  Office  at  Philadelphia  for  the 
Chicago,  Rock  Island  &  Pacific  Railroad  Company.  He  then  entered  the 
office  of  the  Through  Freight  Agent  of  the  Philadelphia  &  Reading  Railway, 
and  later  served  in  the  Philadelphia  Freight  Office  of  the  Northern  Pacific 
and  Wisconsin  Central  Company.  In  i8go  he  became  Secretary  to  the  Third 
Vice  President  of  the  Pennsylvania  Railroad  Company.  Seven  years  later  he 
was  made  Chief  Clerk  to  the  First  Vice^  President  and  in  1906  became  as- 
sistant to  the  same  official.  He  was  appointed  Assistant  Comptroller  on  March 
24,  1909,  and  in  June,  1910,  was  made  Comptroller. 

Shortly  after  the  United  States  entered  the  World  War,  Colonel  Bunt- 
ing obtained  leave  of  absence  and  served  as  business  manager  of  the  Trans- 
portation Corps,  American  Expeditionary  Forces.  He  was  also  a  member  of 
the  staff  of  Brigadier  General  W.  W.  Atterbury,  Director  General  of  Trans- 
portation. He  returned  from  France  early  in  1919,  and  had  been  in  poor 
health  since  that  time. 

Colonel  Bunting  became  a  member  of  the  Institute  September  11,  1912. 

Mr.  John  A.  Brown,  Jr.,  Real  Estate  Trust  Building,  Philadelphia,  Pa. 


LIBRARY  NOTES. 


PURCHASES. 

American  Iron  and  Steel  Institute. — Year  Book.     1910,  1912-1918. 

Blocksidge,  E.  W. — Ship's  Boats;  tlieir  Qualities,  Construction,  Equipment 
and  Launching  Appliances.     1920. 

BouLNOis,  H.  P. — Modern  Roads.     1919. 

BuRGHARDT,  H.  D. — The  Lathe,  Bench  Work,  and  Work  at  the  Forge.     1919. 

HovESTADT,  H. — Jena  Glass  and  Its  Scientific  and  Industrial  Applications. 
1902. 

James,  H.  D. — Controllers  for  Electric  Motors.     1919. 

Judge,  A.  W. — Elementary  Principles  of  Aeroplane  Design  and  Construc- 
tion.    1919. 

Kleeman,  R.  D. — Kinetic  Theory  of  Gases  and  Liquids.     1920. 

Lauer,  Henri,  and  Brown,  H.  L. — Radio  Engineering  Principles.     1920. 

McCoy,  H.  W.,  and  Terry,  E.  M. — Introduction  to  General  Chemistry.     1920. 

Pender,  Harold. — Electricity  and  Magnetism  for  Engineers.    2  vols.     1918-ig. 

Pii'i'ARD,  A.  J.  S.,  and  Pritchard,  J.  L. — Aeroplane  Structures.     1919. 

SiMMONDS,  Charles. — Alcohol;  Its  Production,  Properties,  Chemistry,  and 
Industrial  Applications.     1919. 

Stucglitz,  JuLiu.s. — Elements  of  Qualitative  Chemical  .\nalysis.    Vol.  i.     1919- 

Wade,  C.  F. — Efficient  Boiler  Management.     1910. 
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GIFTS. 
Air  Reduction  Sales  Company,  Catalogue  of  Airco  Regulators  and  Gauges. 

No  date.     (.From  the  Company.) 
Akerlund  and  Semmes,  Inc.,  Catalogue  of  the  Akerlund  Gas  Producers.     New 

York,  N.  Y.,  1920.     (From  the  Company.) 
Alfred  University,  Catalogue   for    1919-1920.     Alfred,   N.  Y.,   1920.      (From 

the  University.) 
Allen  Cone  Company,  Bulletins  Nos.*i2,   13  and   14.     El  Paso,   Texas.     No 

date.     (From  the  Company.) 
American  Society  of  Civil  Engineers,  Transactions  Vol.  liv,   Part  B.     New 

York.  1905.     (From  Mr.  W.  Copcland  Furber.) 
Beaudry  and  Company,  Inc.,  Catalogue  of  Beaudry  Hammers.     Boston,  Mass., 

no  date.     (From  the  Company.) 
Bilton  Machine  Tool  Companj-,  Catalogue  No.  i.     Bridgeport,  Conn.,  no  date. 

(From  the  Company.) 
British  India,  Annual  Return  of  Statistics  Relating  to  Forest  Administration 

for  the   Year    1917-1918.     Simla,    India,    1919.      (From   the   Forest   Ad- 
ministration.) 
Canada  Department  of  Customs.  Shipping  Report  for  the  Year  Ending  March 

31,  1919.     Ottawa.     (From  the  Department.) 
Case  School  of  Applied  Science,  Catalogue  1919-1920.    Cleveland,  Ohio,  1920. 

(From  the  School.) 
Celluloid   Zapon   Company,    Catalogue    of    Lacquers    and    Lacquer    Enamels. 

New  York,  N.  Y.,  1919.     (From  the  Company.) 
Clarkson    College   of    Technology,    Bulletin   No.    i.     Potsdam,    N.    Y.,    1920. 

(From  the  College.) 
Climax  Molybdenum  Company,  Catalogue  of  Molybdenum  Commercial  Steels. 

New  York,  N.  Y.,  1919.     (From  the  Company.) 
Colorado  School  of  Mines,  Catalogue  No.  i.     Golden,  Colorado,  1920.     (From 

the  School.) 
Columbus  McKinnon  Chain  Company,  Booklet  of  Chains.     Columbus,  Ohio, 

no  date.     (From  the  Company.) 
Connecticut  Society  of  Civil  Engineers,  Proceedings  for  1916  and  1919.     New 

Haven,  Conn.,  1916-1919.     (From  Prof.  L.  M.  Haupt.) 
De  Pere-Burton  Company,  Catalogue  of  Water   Tube   Boilers.     Milwaukee, 

Wis.,  no  date.     (From  the  Company.) 
Giant  Concrete  Pile  Company,  Inc.,  Catalogue,  A  Precast  Pile.     New  York, 

N.  Y.,  no  date.     (From  the  Company.) 
Hickey  and  Schneider,  Inc.,  Bulletin  No.  15.     Elizabeth,  N.  J.,  1920.     (From 

the  Company.) 
Holz  and  Company,  Inc,  Bulletin  No.  22-23.     New  York,  N.  Y.,  1920.     (From 

the  Company.) 
Illinois  Society  of  Engineers,  Thirty-third  Annual  Report  for  1918.    Wheaton, 

111.,  1918.     (From  Prof.  L.  M.  Haupt.) 
Illinois   Stoker  Company,  Catalogue  "  L."     Alton,   Illinois,  no  date.      (From 

the  Company.) 
Indiana  Engineering  Society,  Proceedings  for  1916-1917.     Indianapolis,  Ind., 

1917.     (From  the  Society.) 
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Iron  and  Steel  Institute,  Journal  Vol.  C,  1919.     London,  England,  1919.    (From 
the  Institute.) 

Laclede-Christy,   Booklet,   Boiler   Capacities   with   Chain    Grates.      St.    Louis, 
Mo.,  1920.     (From  the  Company.) 

Lafayette  Tool  and  Equipment  Company,  Catalogue  of  the  Lafayette  Universal 
Grinder.      Philadelphia,   Pa.,   no   date.     (From  the   Company.) 

Leeds   and   Northrup    Company,    Bulletin    No.    726.     Philadelphia,    Pa.,    1919. 
(From  the  Company.) 

Leetonia  Tool  Company,  Catalogue  No.  3.     Leetonia,  Ohio,  no  date.     (From 
the  Company.) 

Little  Falls  Board  of  Public  Works,  Twenty-fifth  Annual  Report   for   1919. 
Little  Falls,  N.  Y.,  1919.     (From  the  Board.) 

Massachusetts  State  Department  of  Health,  Third  Annual  Report  1917.     Bos- 
ton, 1918.     (From  the  Department.) 

Modern  Tool  Company,  Catalogue  of  Grinding  Machines.     Erie,  Pa.,  no  date. 
(From  the  Company.) 

Norwalk  Iron  Works  Company,  Bulletin  No.  6.     South  Norwalk,  Conn.,  no 
date.     (From  the  Company.) 

Nova  Scotia  Department  of  Public  Works  and  Mines,  Annual  Report  on  the 
Mines,    1919.     Halifax,    1920.     (From   the   Department.) 

Ontario    Bureau    of    Mines,    Twenty-eighth    Annual    Report    1919.     Toronto, 
Canada,  1919.     (From  the  Bureau.) 

Parkesburg  Iron  Company,  A  History  of  the  Boiler  Tube  of  Greatest  Ulti- 
mate Economy.     Parkesburg,  Pa.,  1919.     (From  the  Company.) 

Pedrick  Tool  and  Machine  Company,   Catalogue  of  Pedrick  Machine  Tools. 
Philadelphia,   Pa.,    1920.     (From   the   Company.) 

Pennsylvania  Commonwealth,  Annual  Report  of  the  Bureau  of  Railways  for 
1917.     Harrisburg,   Pa.   1019.     (From  the   Commonwealth.) 

Pennsylvania   Commonwealth,   Report  of  the  Auditor  General   for  the   Year 
1917.     Harrisburg,  Pcnna.,  1919.     (From  the  Commonwealth.) 

Pennsylvania  State  College,  Annual  Report  for  the  Year  1915-1916.     Harris- 
burg, Pa.,  1918.     (From  the  College.) 

Pennsylvania  Water  Supply  Commission,  Reports  for  1910  and  1913.     Harris- 
burg, Pa.,   1914.     (From  Mr.  W.  Copeland  Furber.) 

Pliiladelphia    Rapid   Transit   Company,    Annual    Report   to   the    Stockholders 
1919.     Philadelphia,    Pa.,    1920.     (From    the    Company.) 

Rawson  Electrical   Instrument  Company,   Bulletin   No.   i.     Cambridge,  Mass., 
1919.     (From  the  Company.) 

Reed  Small  Tool  Works,  Catalogue  No.  4.     Worcester,  Mass.,  1910.     (From 
the  Works.) 

Ric-Wil   Company,   Bullefins   Nos.    i    to   3   inclusive.     Cleveland,   Oliio.    1919. 
(From  the  Company.) 

Saco-Lowcll  Shops,  Catalogue  of  Cotton  Mill  l''<iuipmcnt.     Boston,  Mass.,  1920. 
(From  the  Shops.) 

.Sanford    Riley    Stoker    Company,    Catalogue    of    Riley    Under-feed    Stokers. 
Worcester,  Mass.,  1920.     (From  the  Company.) 

Sharp    Rotary    Ash    Receiver    Company,    Inc.,    Booklet,    "  Monolog."     Bing- 
hamton,   N.   Y.,   1920.     (From   the   Company.) 
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Standard  Machinery  Company,  Catalogue  of  Power  Presses.  Auburn, 
R.  I..  1920.     (From  the  Company.) 

Stevens.  Frederic  B.,  Catalogue  No.  8.  Detroit,  Mich.,  1919.  (From 
F.  B.  Stevens.) 

Under-Feed  Stoker  Company  of  America,  Catalogue  of  Industrial  Heating 
Furnaces  Equipped  with  Jones  Under-Feed  Mechanical  Stokers.  Detroit, 
Mich.,   19JO.     (From  the  Company.) 

Union  Draft  Gear  Company,  Booklet,  Force  and  Its  Applied  Principles. 
Chicago,  111..  1919.     (From  the  Company.) 

University  of  Maine,  Catalogue  1919-1920.  Orono,  Maine,  1919.  (From 
the  University.) 

U.  S.  Xavy  Paymaster  General,  Annual  Report  for  the  Year  1919.  Washing- 
ton,  D.   C.     (From   the   Paymaster   General.) 

War  Department,  Annual  Report  of  the  Chief  Signal  Officer  for  1919.  Wash- 
ington. D.  C,  1919.     (From  the  Department.) 

Washburn  and  Granger.  Inc.,  Catalogue  No.  9.  New  York,  N.  Y.,  1920. 
(From  the  Company.) 

Western  Australia  Department  of  Mines,  Report  for  the  Year  1918.  Perth, 
Australia,  1919.     (From  the  Department.) 

Yale  University,  Report  of  the  President  1918-1919.  New  Haven,  Conn.,  1919. 
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BOOK  NOTICES. 

D.\TA  OF  Geochemistry.    United  States  Geological  Survey,  Bulletin  695.     By 

Frank  Wigglesworth  Clarke.     4th  edition.     773  pages  and  index,  Bvo. 

Washington,  Government  Printing  Office,   1920. 

This  work  comprehends  an  elaborate  study  of  the  materials  consti- 
tuting the  earth  as  included  in  human  experience;  that  is,  the  lithosphere 
and  the  atmosphere.  A  vast  amount  of  information  concerning  the  com- 
position of  rocks,  waters  and  gases  is  presented  in  a  readable  and  at  the 
same  time  strictly  scientific  form.  The  literature  has  been  searched 
thoroughly  and  with  great  care,  and  it  is  really  astonishing  to  those  who  have 
not  followed  the  special  field  to  which  the  work  is  devoted  to  see  the 
extent  of  the  researches  already  carried  out.  There  is  a  somewhat 
romantic  feature  of  the  essay,  inasmuch  as  discussions  are  given  con- 
cerning the  age  of  the  earth's  crust,  the  origin  of  the  atmosphere  and  the 
source  of  the  great  mass  of  carbon  now  locked  up  in  the  rocks  which  are 
so  marked  a  feature  of  the  crust  as  we  know  it.  As  might  be  expected,  the 
discussions  on  these  subjects  do  not  lead  to  any  positive  result,  although 
some  of  the  promulgators  of  special  views  are  quite  convinced  of  the 
reliability  of  their  conclusions. 

Special  note  should  be  given  to  Doctor  Clarke's  method  of  presenting 
the  composition  of  waters.  Discarding  the  usual  methods  of  uniting  the 
several  positive  and  negative  ions  into  salts  according  to  the  arbitrary 
methods  long  in  vogue,  he  recalculates  the  data  into  percentage  of  the 
ions,  using  the  residue  after  ignition  as  the  total  fixed  solids.  It  is,  of 
course,  an  advantage  to  get  rid  of  the  so-called  "  loss  on  ignition,"  which 


682  Book  Notices.  [J-  F  i- 

is  so  common  in  statements  of  water  analysis,  for  the  figure  has  neither 
practical  nor  theoretical  value,  but  it  is  an  open  question  whether  the 
residue  dried  at  a  moderate  temperature  will  not  in  many  cases  be  a 
safer  guide.  The  figure  for  the  fixed  solids  is  stated  as  "  salinity,"  a 
word  that  may  be  not  wholly  satisfactory,  as  it  seems  to  suggest  the 
content  of  chlorides.  Doctor  Clarke's  method  of  presenting  the  data  of 
water  analysis  has  the  advantage  of  enabling  quick  and  convenient  com- 
parison of  waters  of  the  same  type  and  showing  vividly  the  contrast 
between  waters  of  different  types. 

It  will  be  probably  a  long  while  before  the  commercial  analyst  will 
be  able  to  make  a  statement  of  water  analysis  on  the  basis  of  the  unasso- 
ciated  ions,  for  his  clients  always  want  a  presentation  that  will  show  some 
of  the  specific  actions  of  the  sample.  Even  many  scientific  workers  hesitate 
to  set  down  Fe"'  or  SiOj. 

Henry  Leffmann. 

Aids  in  the  Commercial  Analysis  of  Oils,  Fats  and  Their  Commercial 
Products.  By  George  Fenwick  Pickering,  viii — 129  pages  and  index. 
8vo.     Philadelphia,  J.  B.  Lippincott  Company,  1917. 

Not  much  new  matter  can  be  expected  in  a  book  of  this  size  on  a 
topic  which  has  been  so  extensively  exploited  as  that  of  the  fats  and  oils, 
for  the  existing  literature  is  immense.  The  work  contains  a  great  deal 
of  information  compactly  presented,  especially  in  tabular  form.  The 
methods  chosen  are  mostly  so-called  "  works  methods,"  and  do  not  claim 
such  a  degree  of  accuracy  as  is  found  in  many  departments  of  inorganic 
analysis.  The  author  states  that  all  the  figures  given  are  published  for 
the  first  time.  Mr.  Pickering's  position  as  a  research  assistant  to  the  late 
Doctor  Lewkowitsch  is  a  guarantee  that  he  has  had  large  experience  in 
careful  work  and  is  familiar  with  the  field  to  which  the  book  is  devoted. 
The  nomenclature  is  mostly  conservatively  English,  and  the  determination 
of  the  volatile  acids  is  given  only  by  the  alcohol-potassium  hydroxide 
method,  no  mention  being  made  of  the  glycerol-soda  procedure,  which  is  now 
official  in  France,  Germany  and  several  other  leading  European  nations. 

Henry  Leffmann. 

The  Photographic  Researches  of  Ferdinand  Hurter  and  Vero  C.  Driffield, 
being  a  reprint  of  their  published  papers,  together  with  a  review  of 
their  earlier  work  and  a  bibliography  of  their  later  work.  Edited  by 
W.  B.  Ferguson,  K.C.,  M.A.  (Oxon.),  F.I.C.  Hon.  F.R.P.S.  Small 
folio,  366  pages,  indexes,  and  numerous  illustrations.  London,  The  Royal 
Photographic  Society  of  Great  Britain,  1920. 

The  names  of  Hurter  and  Driffield  are  familiar  to  all  photographers, 
and  the  Royal  Photographic  Society  has  done  them  just  honor  by  thus 
presenting  in  full  many  of  their  papers  and  furnishing  a  bibliography  for 
the  rest.  The  apparatus  and  manuscripts  are  now  in  the  custody  of  that 
society.  A  list  of  these  is  given,  and  shows  a  very  large  and  varied  collection. 
Frederick  Hurter  was  born  in  1S44  at  Schaffhausen  in  Switzerland, 
and  after  studies  at  Zurich  went  to  Heidelburg,  where  he  studied  under 
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Bunsen,  Kirchoff  and  Helmholtz,  and  in  1866  he  took  the  degree  of  Ph.D. 
■■  Sumnia  cum  laude."  He  spent  the  last  thirty-one  years  of  his  Hfe  in 
England,  for  which  he  had  a  definite  preference.  He  began  his  work  there 
as  an  assistant  to  Mr.  Deacon  in  the  alkali  works  of  Gaskell,  Deacon  &  Co. 

Vero  C.  Driffield  was  born  in  Lancashire.  He  was  early  interested  in 
photographj',  but  also  entered  into  the  service  of  Gaskell,  Deacon  &  Co., 
as  an  engineer,  and  there  met  Doctor  Hurter.  It  was,  however,  a  mutual 
passion  for  music  that  led  to  the  intimacy. 

The  book  contains  manj-  data  of  great  interest  to  photographers. 
Among  the  most  comprehensive  of  the  contributions  is  that  published  in 
1898  on  "  The  Latent  Image  and  Its  Devlopment,"  a  joint  contribution. 

The  book  is  excellently  printed  and  will  furnish  much  attractive 
reading  to  all  interested  in  photochemistry. 

Henry  Leffmann. 

Utilis.xtiox  des  Algues  Marines.  Par  Camille  Sauvageau.  Professor  in  the 
Faculty  of  Science,  Bordeaux.  i2mo.,  356  pages,  bibliography,  contents, 
indexes  and  26  illustrations.  Paris,  Gaston  Doin.  9  francs. 
This  work  is  one  of  a  series  designated  "  Encyclopedic  Scientifique," 
which  has  a  wide  scope,  a  list  of  forty  volumes  being  appended  to  the 
present  publication.  Its  form  is  very  pleasing,  being  printed  on  good 
paper  with  clear  type,  of  a  more  agreeable  face  than  that  often  used  in 
French  books.  The  coastal  districts  of  Brittany  and  Normandy  and  some 
adjacent  islands  owe  a  good  deal  of  prosperity  to  the  marine  algae,  which 
are  used  as  fertilizers.  In  former  years,  the  material  was  burned  and 
sodium  salts  extracted;  later  potassium  and  iodine  were  the  principal 
j'ields.  During  the  late  war  proposals  were  made  for  the  use  of  these 
plants  as  fodder,  and  even  as  human  food,  and  the  French  Government 
through  one  of  its  bureaus  requested  M.  Sauvageau  to  investigate  the 
subject.  His  results,  supplemented  by  his  wide  information  on  the  botany 
and  biology  of  the  algse,  are  embodied  in  the  book.  A  great  deal  of  infor- 
mation is  contained  in  it,  among  which  are  to  be  noted  the  government 
regulations  for  the  harvesting  of  the  more  important  species,  descriptions 
of  the  American  methods  of  gathering,  data  regarding  the  composition 
and  the  uses  that  have  been  made  as  food  for  men  and  domestic  animals. 
The  illustrations  are  neatly  drawn  and  the  book  will  be  useful  to  the 
cryptogamist,  biologist  and  economist. 

Henry  Leffmann. 

National  Advisory  Committee  for  Aeronautics.  Report  No.  50.  Calculation 
for  low  pressure  indicator  diagrams.  Preprint  from  Fourth  Annual 
Report.  13  pages,  diagrams,  quarto.  Washington,  Government  Printing 
Office,  1920. 

This  report  contains  a  theoretical  study  of  the  pressure  variations 
in  an  internal  combustion  engine  cylinder  during  the  low  pressure  part 
of  the  cycle.  It  is  assumed  that  the  rate  of  flow  of  air  and  burnt  gas 
through  the  inlet  and  exhaust  valves,  respectively,  may  1)e  calculated  from 
the  manifold  pressures,  the  cylinder  pressure,  and  the  valve  rl°9r  openings 
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bj'  the  ordinary  formulas  for  steady  flow  through  an  orifice  with  the  aid 
of  determinable  coefficients  of  efflux.  Differential  equations  for  the  rate 
of  change  of  the  pressure  in  the  cylinder  during  the  exhaust  and  suction 
strokes  are  set  up.  A  method  for  the  graphical  integration  of  these 
equations  is  indicated.  Efflux  coefficients  taken  from  the  experiments  of 
Lewis  and  Nutting  are  used  in  the  application  of  the  theory  to  a  typical 
motor,  and  a  theoretical  low  pressure  indicator  diagram  for  this  motor 
is  obtained. 

Report  No.  51.  Spark  Plug  Defects  and  Tests.  Preprint  from  Fifth 
Annual  Report.  32  pages,  illustrations,  quarto.  Washington,  Government 
Printing  Office,  1920.  A  discussion  of  the  various  causes  of  failure  of  spark 
plugs,  with  indications  for  their  identification  and  possible  remedies.  The 
results  of  gas  leakage  measurements  on  several  hundred  plugs  are  given 
and  the  results  tabulated  on  a  basis  of  design,  material,  etc.  The  final 
chapter  describes  methods  worked  out  for  testing  spark  plugs  in  the 
laboratory  for  (i)  electrical  conductivity  when  hot,  (2)  resistance  to  thermal 
cracking,  (3)  gas  tightness,  (4)  resistance  to  mechanical  shock,  (5)  dielectric 
strength,  (6)  engine  test. 

Report  No.  61.  Head  Resistance  due  to  Radiators.  Preprint  from  Fifth 
Annual  Report.  22  pages,  illustrations,  quarto.  Washington,  Government 
Printing  Office,  1920.  The  report  gives  detailed  descriptions  of  apparatus, 
experimental  methods,  and  methods  of  computation  used  in  determining 
(o)  head  resistance,  and  (b)  power  absorbed  due  to  head  resistance  and 
weight,  for  radiators  in  "  unobstructed  "  positions  on  the  airplane.  Results 
obtained  on  24  types  are  shown  in  tables  and  curves.  Effects  of  yawing 
the  radiator  are  shown  for  four  representative  types.  A  brief  discussion 
of  the  importance  of  head  resistance  is  given. 

Curves  show  measured  head  resistance  of  a  model  fuselage  under 
three  conditions:  (i)  with  stream-lined  nose,  (2)  with  flat  nose,  and  (3)  with 
nose  radiator.    Three  widely  different  types  of  radiators  were  used. 

A  method  of  enclosing  a  radiator  in  a  stream-line  casing  is  described, 
but  results  show  that,  while  head  resistance  may  be  reduced  by  the  use  of 
the  casing,  air  flow  through  the  core  and  heat  transfer  are  decreased  to 
such  an  extent  as  to  lower  the  efficiency. 

R. 

PUBLICATIONS  RECEIVED. 

Royal  Photographic  Society  of  Great  Britain:  A  memorial  volume 
containing  an  account  of  the  photographic  researches  of  Ferdinand  Hurter 
and  Vero  C.  Driffield,  being  a  reprint  of  their  published  papers,  together 
with  a  history  of  their  early  work  and  a  bibliography  of  later  work  on  the 
same  subject.  Edited  by  W.  B.  Ferguson.  374  pages,  illustrations,  portraits, 
quarto.  London,  Royal  Photographic  Society  of  Great  Britain,  1920.  Price, 
25  shillings. 

Utilisation  dcs  algues  marines,  par  Camille  Sauvageau.  Encyclopedic 
Scientifique.  394  pages,  illustrations,  i2mo.  Paris,  Octave  Doin,  1920.  Price, 
in  cloth,  9  francs. 

U.  S.  Bureau  of  Mines:  Bulletin  95,  A  Glossary  of  the  ^fining  and  Min- 
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eral  Industry,  by  Albert  H.  Fay.  754  pages,  8vo.  Technical  Paper  250,  Metal- 
mine  Accounting,  by  C.  B.  Holmes.  63  pages,  8vo.  Technical  Paper  252, 
Metal-mine  Accidents  in  the  United  States  During  the  Calendar  Year  1918 
(with  supplemental  labor  and  accident  tables  for  the  years  191 1  to  1918,  in- 
clusive), compiled  by  Albert  H.  Fay.  113  pages,  8vo.  Technical  Paper  256, 
Accidents  at  Metallurgical  Works  in  the  United  States  >  During  the  Calendar 
Year  1918.  Compiled  by  Albert  H.  Fay.  23  pages,  8vo.  Washington,  Gov- 
ernment Printing  Office,  1920. 

U.  S.  Department  of  Agriculture,  Weather  Bureau:  Daily  River  Stages 
at  River  Gauge  Stations  on  the  Principal  Rivers  of  the  United  States. 
Volume  XVI,  for  the  year  1918,  by  Alfred  J.  Henry,  meteorologist.  288  pages, 
quarto.      Washington,   Government   Printing   Office,    1919. 

The  Philadelphia  Museums,  The  Commercial  Museums.  Hand-books  to 
the  Exhibits.  No.  3,  The  Peat  Exhibit.  56  pages,  illustrations,  8vo.  Philadel- 
phia. The  Museums,  1920.    Price,  25  cents. 

Uiiiz-ersity  of  Illinois  Convocation:  The  Watt  Centenary  and  the  Col- 
lege of  Engineering  Open  House.  20  pages,  illustrations,  portrait,  diagram, 
Svo.    Urbana,   University,    1920. 

U.  S.  Department  of  Labor,  Bureau  of  Labor  Statistics:  Prices  and  Cost 
of  Living.  From  the  Monthly  Labcfl-  Review.  March,  1920.  52  pages,  Svo. 
Washington,  Government  Printing  Office,   1920. 

Two  Years  of  Faulty  Taxation  and  the  Results,  by  Otto  H.  Kahn.  52 
pages,  i2mo.    Xo  place,  1920. 

Pacific  or  4-6-2  Type  of  Locomotive.  Educational  Chart  No.  12.  44  x  16^ 
inches.     New  York,  Railway  and  Locomotive  Engineering,  1920. 


Present-Day  Radiography.  Major  G.  W.  C.  Kaye.  {Elec- 
trician, Feb.  6,  1920.) — X-rays  have  been  found  to  penetrate  no  less 
than  5  mm.  of  lead  and  for  the  protection  of  the  operator  3  mm.  of 
this  metal  are  desirable. 

Flaws,  blowholes,  bad  welds,  blisters  and  concealed  riveting 
all  are  detected  by  radiography.  At  present  the  practicable  thick- 
nesses which  can  be  investigated  are  three  inches  for  steel  and  twice 
as  much  for  aluminium. 

During  the  war  much  use  was  made  of  the  X-rays  in  examining 
the  wooden  parts  of  aeroplanes,  especially  the  laminated  parts.  This 
method  of  construction  enabled  smaller  timber  to  be  used  but  also 
increased  the  difficulties  of  detecting  faults.  By  the  X-rays,  how- 
ever, bad  gluing,  grub  holes,  knots  and  bad  workmanship  were 
laid  bare. 

An  interesting  suggestion  is  made  that  this  method  of  investigation 
be  applied  to  growing  timber  to  detect  defects,  the  presence  of  nails, 
axe  heads  and  internal  shakes  filled  with  mineral  deposits,  such  as 
phosphates  in  teak. 

At  the  Rontgen  Society  Exhibition  in  London  radiographs  of 
Dutch  pictures  of  about  1500  a.d.  were  displayed.  In  one  case 
an  alteration  was  shown  which  consisted  in  painting  a  portrait  of 
the  donor  upon  the  picture  of  a  inonk.  G.  F.  S. 
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A  New  Method  of  Analysis. — \Vm.  Roy  Mott,  Research  Chem- 
ist for  the  National  Carbon  Company,  presented  at  the  recent  meeting 
of  the  American  Electrochemical  Society  (April  8-10,  1920)  a 
description  of  a  carefully  worked  out  method  of  detecting  the  several 
elements  by  means  of  the  characteristics  of  the  electric  arc-action  on 
compounds  of  these  elements.  The  process  is  an  extension  of  the 
method  of  flame  tests,  which  method,  as  is  well  known,  finds  special 
development  in  the  spectroscope.  Mott's  apparatus  is,  however, 
much  simpler  than  the  spectroscope,  and  his  procedure  rapid  and 
accurate.  The  following  data  are  taken  from  an  advance  publication 
of  the  proceedings  of  the  American  Electrochemical  Society.  The 
essential  apparatus  consists  of  a  carbon  arc-lamp  in  a  hood,  so 
arranged  as  to  project  a  magnified  image  upon  a  screen  in  a  dark 
room.  Usually  a  magnification  of  twenty  diameters  is  satisfactory, 
but  for  a  few  very  dim  arcs  a  lower  power  is  advisable.  The  lamp 
is  trimmed  with  solid  carbons  about  13  mm.  in  diameter,  such  as 
are  commonly  used  in  closed  arc  lamps.  A  cup  about  10  mm.  in 
depth  and  diameter  is  drilled  into  the  top  of  the  lower  carbon,  which 
is  usually  connected  with  the  positive  pole.  The  average  weight  of 
the  sample  used  is  0.5  grm.  Mott  operated  the  lamp  at  25  amperes 
and  50  (arc)  volts,  from  a  iio-volt  line. 

The  phenomena  obtained'are  flame-tip  color,  sparks,  smoke,  odor, 
sequence  of  distillation,  and  especially  the  nature  and  color  of  the 
deposit  on  the  poles.  A  special  vapor  luminescence,  near  positive 
crater,  is  characteristic  of  some  elements ;  for  instance,  calcium  gives 
a  unique  red  The  colors  of  the  flame  tip  above  the  arc  are  tests 
for  sodium,  lithium,  boron  and  copper.  Iron  produces  a  display 
of  scintillating  sparks  from  the  negative  carbon  for  several  seconds 
after  breaking  the  arc.  Smoke  is  not  as  a  rule  a  delicate  test,  but 
the  emission  of  smoke  from  the  hot  upper  tip  on  breaking  the  arc 
is  a  very  delicate  test  for  molybdenum,  as  Mott  has  not  found  a 
similar  effect  given  by  any  other  element.  The  odor  aids  in  detect- 
ing arsenic,  bromine,  iodine  and  tungsten.  The  color  and  shape  of 
the  deposit  on  the  upper  carbon  are  excellent  points  for  classification. 
It  is  obvious  that  the  method  affords  a  form  of  fractional  distilla- 
tion at  high  temperatures,  and  of  great  range  from  mercury  which 
boils  at  257.2°  C.  to  tungsten  which  boils  at  about  6000°  C. 

The  new  methods  of  analysis,  using  the  arc  images,  arc  simple, 
quick,  delicate,  automatic,  semi-quantilative  and  comprehensive. 
Good  tests  are  given  later  for  sixty-five  elements.  Any  of  these  can 
be  quickly  and  easily  identified  in  a  few  minutes  in  their  ores,  alloys, 
oxy-conipounds  or  in  small,  very  impure  samples.  The  chief  inipuri- 
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ties  are  usually  automatically  discovered  as  the  distillation  proceeds. 
In  mixtures  of  three  metallic  compounds — especially  oxy-compounds 
— complete  identification  should  be  obtained  in  less  than  a  quarter 
of  an  hour.  The  tests,  so  far  developed,  will  identify  on  the  average 
nine  out  of  ten  in  unknown  mixtures  of  any  ten  of  these  sixty-five 
elements.  \'ery  delicate  tests  (sensitive  to  o.i  mg.)  apply  mostly 
to  the  uncommon,  valuable,  and  refractory  elements,  which  take  so 
much  time  and  skill  to  identify  by  the  usual  wet  methods.  In  regard 
to  halogen  salts,  the  best  procedure  is  to  form  oxy-compounds  by 
alkali  carbonate  fusion,  or  other  means.  The  tests  as  given  apply 
directly  to  all  ores,  minerals,  refractories,  oxides,  oxy-compounds, 
carbides,  metals  and  alloys. 

Future  developments  should  lead  to  an  extensive  use  of  arc  image 
analysis,  as  it  supplements  and  aids  all  other  means  of  analysis.  It 
is  much  like  a  refined  blow-pipe  analysis  in  utilizing  colored  beads 
and  deposits.  It  is  like  fire-assay  in  using  metal  bead  separations. 
It  is  like  spectrum  analysis  in  using  colored  light.  Finally,  it  is  like 
micro-chemistry  in  utilizing  magnified  phenomena.  These  simi- 
larities explain  its  comprehensiveness  and  indicate  a  large  field  for 
further  studv. 

H.  L. 

Coke  Industry  in  1919.  (U.  S.  Geological  Survey  Press  Bulle- 
tin No.  442,  April,  1920.) — The  outstanding  features  of  the  coke 
industry  in  1919  were  the  great  slump  in  demand  that  followed  the 
armistice  and  a  remarkable  increase  in  the  proportion  of  by-product 
coke  as  compared  with  beehive  coke. 

The  output  of  by-product  coke  consequently  exceeded  that  of  bee- 
hive coke  for  the  first  time.  In  1918  about  46  per  cent,  of  the  total 
coke  made  in  the  United  States  was  produced  in  by-product  ovens 
and  54  per  cent,  in  beehive  ovens.  In  1919  the  proportions  were 
reversed,  56  per  cent,  coming  from  by-product  and  only  44  per  cent, 
from  beehive  ovens.  The  year  1919  thus  marked  a  turning  point  in 
the  history  of  coke  manufacture  in  the  United  States. 

These  figures  are  preliminary  only  and  will  be  revised  when  the 
annual  statistical  canvass  is  completed. 

The  iron  furnaces  are  the  great  customers  of  the  coke  industry. 
With  the  growth  in  the  output  of  by-product  ovens  the  beehive  coke 
industry  is  likely  to  become  more  and  more  an  auxiliary  source  of 
fuel,  carrying  the  peak  load  in  times  of  extreme  activity  and  corre- 
spondingly restricted  in  times  of  depression. 

The  maximum  capacity  of  the  by-product  plants  has  been  esti- 
mated at  27,000,000  net  tons  of  coke  at  the  beginning  of  1918, 
33.700.000  tons  at  the  beginning  of  1919,  and  39.500,000  tons  at  the 
beginning  of  1920.  These  annual  capacities  are  estimated  on  a  basis 
of  100  per  cent,  operation.  In  actual  practice,  however,  an  average 
operation  above  90  per  cent,  can  not  be  assumed  for  the  country  as  a 
whole,  and  the  safer  figure  of  85  per  cent,  would  appear  better  justi- 
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fied  by  experience.  Under  an  operation  of  85  per  cent,  the  present 
capacity  of  the  country  would  be  about  33,600,000  tons.  Completion 
of  the  plants  now  under  construction  may  raise  the  capacity  to 
approximately  43,300,000  tons,  or  36,800,000  tons  under  an  operation 
of  85  per  cent. 

Estimated  according  to  the  quantity  of  by-product  coke  produced 
in  1919 — 25,171,000  tons — the  quantities  of  by-products  recovered 
during  the  year  amounted  to  668,200.000  pounds  of  ammonium  sul- 
phate or  equivalent,  251,000,000  gallons  of  tar,  84.800,000  gallons  of 
crude  light  oil,  and  367,700,000,000  cubic  feet  of  gas. 

Some  Studies  of  Metals  by  Means  of  X-rays.  S.  Nishikawa 
and  G.  Asahara.  (Pliys.  Rev.,  January,  1920.) — A  pencil  of  hetero- 
geneous rays  from  a  Coolidge  tube  was  received  upon  a  photo- 
graphic plate  after  having  traversed  a  thin  sheet  of  metal.  Rolled 
metal  gave  a  blurred  pattern,  but  each  metal  had  its  own  pattern. 
When  the  metal  was  annealed  a  considerable  change  of  pattern 
followed,  definite  spots  replacing  the  blurred  figures.  Silver  and 
tin  gave  changed  patterns  after  being  kept  at  room  temperature 
for  some  time.  The  disappearance  of  strain  can  thus  be  followed. 
Rolled  thallium  gave  a  figure  consisting  of  spots  arranged  along 
radii.  When  it  was  heated  to  235°  C.  suddenly  a  new  pattern 
made  its  appearance.  This  is  retained  during  further  heating. 
Upon  cooling  another  abrupt  change  manifests  itself  at  the  same 
temperature,  but  the  resulting  pattern  is  not  the  same  as  the  first. 

G.  F.  S. 

Science  and  Its  Application  to  Marine  Problems.  J.  C. 
McLennan,  O.B.E.  {Trans.  Northeast  Coast  Institution  of  Engi- 
neers and  Shipbuilders.) — In  this  very  comprehensive  and  interest- 
ing paper  it  is  stated  that  Sir  J.  J.  Thomson  suggested  and  D.  A. 
Keyes  applied  to  the  study  of  the  propagation  of  pressures  caused 
by  explosions  under  water  the  phenomenon  that  certain  crystals 
become  charged  with  electricity  when  sul)jectcd  to  pressure.  As 
the  amount  of  the  charge  is  directly  proportional  to  the  pressure, 
measurement  of  the  amount  of  the  pressiu'e  is  possible,  but  the 
problem  is  not  easy,  since  the  time  it  takes  to  crush  a  submarine 
is  only  a  few  thousandths  of  a  second,  while  the  pressure  may  be 
of  the  order  of  1000  pounds  per  square  inch.  To  record  pressure 
changes  a  beam  of  cathode  rays  was  deflected  in  one  direction  by 
an  alternating  magnetic  field  and  in  a  direction  perpendicular  to 
the  first  by  the  electric  field  set  up  by  the  charge  developed  on 
the  crystal  by  the  pressure  w^avc.  Changes  taking  ])lace  in  one 
one  hundred-thousandth  of  a  second  can  thus  be  traced.  Valu- 
able conclusions  relating  to  the  best  methods  of  laying  out  mine 
fields  and  employing  depth  charges  have  been  drawn  as  a  result 
of  (Airie's  recondite  discovery  of  piezo-clectricitv. 

G.  F.  S. 
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Carbon  Determination  in  Ferro-alloys. — C.  J.  Rottmann, 
Advance  Slieets.  Annr.  Elcctrochcm.  Soc.  Thirty-seventh  General 
fleeting,  April  8-10,  after  pointing  out  the  difficulties  of  correct 
determination  of  carbon  in  these  alloys,  describes  construction  of 
furnaces,  absorption  bulbs,  and  methods  by  which  accuracy  to 
o.ooj  per  cent,  can  be  attained.  IMinute  directions  are  given  for 
taking  the  sample.  The  furnace  is  nichrome  wound,  and  a  thick- 
walled  silica  tube  is  to  be  used,  as  thin  tubes  become  penetrable 
above  1200°  C.  The  special  form  of  the  absorption  bulb  is  figured, 
and  is  stated  to  be  light,  compact,  and  easily  handled.  A  com- 
paratively large  amoimt  of  liquid  ma)'  be  used,  thus  allowing 
many  runs  without  refilling.  The  test-analyses  given  with  samples 
from  Bureau  of  Standards  are  verv  satisfactory. 

H.  L. 

Bronze  Plating.  (Advance  sheets  of  paper  to  be  presented  at 
the  Thirty-seventh  General  Meeting  of  the  American  Electro- 
chemical Society,  April  8-10.) — F.  C.  Mathers  and  Stanley 
SowDER  detail  experiments  to  determine  the  practicability  of  de- 
positing copper-tin  alloys  electrically,  and  find  this  possible  under 
certain  conditions.  Bennett  {Trans.  Amer.  Elec.-chem.  Soc,  1913, 
vol.  xxiii,  255)  collected  data  for  all  the  bronze-plating  baths  so 
far  described  and  found  them  practically  all  unsatisfactory.  Com- 
mercially, bronze  color  is  imitated  with  brass  or  coloring  by  a 
reagent.  Some  German  investigators  obtained  satisfactory  re- 
sults for  a  time  with  a  bath  containing  copper  sulphate,  sodium 
hydroxide,  stannic  chloride,  and  sodium  tartrate,  but  it  soon 
became  useless. 

]\Iathers  and  Sowder  experimented  with  a  bath  constructed  as 
follows :  Two  anodes  (90  per  cent,  copper  and  10  per  cent,  tin) 
4  by  4  cm.  were  used  in  each  bath,  the  content  of  which  was  200  c.c. 
The  single  cathode  in  each  was  4  by  4  cm.,  and  the  temperature  40° 
to  50°  C,  the  current  density  0.4  ampere  per  square  decimeter.  A 
decrease  of  current  density  caused  increase  of  deposition  of  the 
more  easily  separated  ingredient,  which  separability,  however, 
differed  with  the  composition  of  the  bath,  copper  separating  more 
readil}-  from  the  oxalate  bath  and  tin  from  the  cyanide-stannate  bath. 

The  following  solutions  were  used : 

Oxalates. — Ammonium  oxalate,  5.5  per  cent.;  copper  sulphate, 
1.5  per  cent.;  stannous  oxalate,  0.42  per  cent.;  oxalic  acid,  0.5  per 
cent,  gave  a  bronze  deposit  for  a  short  time,  but  soon  the  only 
result  w^as  a  hard  brittle  copper,  due  to  poor  corrosion  of  the 
anodes.  As  5.5  per  cent,  ammonium  oxalate  will  dissolve  much 
more  of  the  two  metals  than  the  quantity  used  at  first,  tests  were 
made  with  more  concentrated  solutions,  but  satisfactory  deposi- 
tion was  not  obtained.  After  many  experiments,  the  following 
method  was  found  serviceable :  A  500  c.c.  bath  containing  6  per 
cent,  ammonium  oxalate,  2  per  cent,  copper  oxalate,   1.6  per  cent. 


690  Current  Topics.  [J-  F- 1- 

ammonium  citrate,  1.2  per  cent,  potassium  sulphate,  and  0.4  per  cent, 
citric  acid  was  electrolyzed  with  copper  anodes.  Fifty  c.c.  of  the 
solution  was  removed  and  strips  of  pure  tin  inserted,  whereby 
copper  was  precipitated  and  tin  dissolved.  Every  few  hours  this 
treatment  was  repeated  and  the  previous  portion  was  filtered 
and  returned  to  the  bath.  In  this  manner  the  ratio  between  the 
metals  was  kept  fairly  constant.  One  of  these  baths  was  main- 
tained in  efficient  operation  for  two  months. 

Cyanides. — Good  deposits  were  obtained  from  a  bath  contain- 
ing potassium  hydroxide,  5  per  cent. ;  potassium  cyanide,  0.2  per 
cent. ;  stannic  ammonium  chloride,  0.38  per  cent. ;  and  potassium 
copper  cyanide,  1.5  per  cent.  The  bronze  anodes  remained  bright 
and  free  from  slime,  but  for  several  days  only  copper  was  de- 
posited, which  action  the  authors  believe  to  be  due  to  the  neces- 
sity for  reduction  of  the  stannic  to  the  stannous  condition.  The 
use  of  much  free  cyanide  decreases  the  rate  of  copper  deposition 
and  gives  tin-colored  coating.  The  current  density  and  tempera- 
ture used  for  the  above  bath  were  the  same  as  those  for  the 
oxalate  bath. 

H.L. 

Artificial  Abrasives. — The  manufacture  of  artificial  abrasives 
— silicon  carbide  and  corundum — in  the  electric  furnace  is  de- 
scribed by  C.  J.  Brockbank  (Journal  of  the  Society  of  Chemical 
Industry,  Transactions,  1920,  xxxix,  41-43).  For  silicon  carbide 
or  carborundum,  electric  furnaces  with  a  capacity  of  1000  to  3000 
horsepower  are  used;  the  yield  per  unit  of  power  is  somewhat 
larger  in  the  largest  furnace,  but  the  product  is  somewhat  in- 
ferior in  quantity  to  that  made  in  the  smallest  furnace.  The 
1000  horsepower  furnace  has  an  inside  width  of  5  or  6  feet,  and  a 
length  of  20  feet  between  the  heads  which  carry  the  electrodes. 
These  heads  are  40  inches  thick.  Each  terminal  has  two  electrodes 
of  graphite,  10  inches  in  diameter  and  48  inches  long.  A  resistor 
core  of  1200  pounds  of  graphite  powder  is  placed  between  the 
electrodes;  it  forms  a  layer  36  inches  wide  and  10  inches  deep,  and 
carries  the  current.  The  charge  lies  below,  above,  and  on  both  sides 
of  this  core.  A  typical  charge,  using  new  materials,  contains  15CX) 
pounds  petroleum  coke,  2520  pounds  white  sand,  300  pounds  saw- 
dust, 40  pounds  salt.  The  sawdust  is  used  to  make  the  mass  porous, 
facilitate  escape  of  the  carbon  monoxide  formed  in  the  reaction, 
and  prevent  formation  of  blowholes.  The  salt  aids  in  the  elimi- 
nation, as  chlorides,  of  impurities  present  in  the  sand  and  coke. 
The  entire  charge  is  not  converted  into  carborundum  ;  a  portion 
merely  serves  as  a  heat-insulating  l)lanket.  This  unused  portion 
is  added  to  the  next  charge  which  has  the  following  composition : 
Petroleum  coke,  1500  pounds;  sand.  2455  pounds;  sawdust.  300 
pounds;  old  mixture,  400  i)ounds;  salt,  40  pounds.  The  furnace  is 
run  at  a  voltage  between  85  and   t6o,  usually  85  and    kx),    for  a 
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period  of  thirty-two  to  thirty- four  hours.  Each  pound  of  crystalline 
carborundum  produced  requires  5  kilowatt-hours  of  electric  energy. 
The  crystalline  product  is  removed  from  the  furnace  after  cooling, 
is  crushed,  treated  with  sulphuric  acid,  and  then  with  caustic 
soda  to  remove  surface  impurities,  washed,  dried,  and  screened. 
For  abrasive  wheels,  it  is  mixed  with  a  porcelain  bond,  and  fired 
in  a  pottery  kiln. 

In  the  manufacture  of  artificial  corundum  (aluminum  oxide) 
a  typical  furnace  mixture  is:  Calcined  bauxite  ore,  1750  pounds; 
coke,  100  jx)unds ;  iron  borings,  350  pounds.  A  layer  of  the  mix- 
ture I  foot  thick  is  placed  on  the  carbon  hearth,  a  train  of  graphite 
powder  is  laid  from  electrode  to  electrode,  and  the  furnace  is 
started.  As  soon  as  a  molten  path  is  formed,  it  carries  the  cur- 
rent, and  more  charge  is  added.  The  usual  voltage  is  100;  from 
4  to  5  tons  of  corundum  are  produced  in  a  furnace  with  the  expen- 
diture of  18,000  kilowatt-hours  of  energy.  Reduction  is  not  carried 
too  far,  for  traces  (i  to  2  per  cent.)  of  the  oxides  of  iron,  silicon, 
and  titanium  increase, the  toughness  of  the  product.  The  iron 
oxide  and  silica  present  in  the  charge  are  reduced  to  metal,  alloy, 
and  sink  to  the  bottom  of  the  furnace.  The  iron  borings  in  the 
charge  are  used  to  keep  the  silicon  content  of  this  alloy  below  15 
per  cent.,  and  thereby  facilitate  its  magnetic  separation  from  the 
crushed  carborundum. 

J.S.H. 

Steel  in  Tension,  Compression  and  Shear.  F.  B.  Seely  and 
W.  J.  PuTMAX.  {Bulletin  No.  11  j  Engineering  Experiment  Station 
of  the  University  of  Illinois.) — The  severe  uses  to  which  carbon  and 
alloy  steels  are  put  in  some  phases  of  engineering,  as  for  example,  in 
automobile  and  in  aeroplane  construction,  have  developed  a  need  for 
more  detailed  knowledge  of  the  action  of  steel,  under  various  types 
of  stress,  as  well  as  of  the  factors  which  affect  the  physical  properties 
of  the  material. 

Our  knowledge  of  the  breakdown  of  elastic  action  of  ductile 
materials,  particularly  in  the  case  of  combined  loading,  is  limited. 
The  various  theories  of  combined  stress  lead  to  results  which  differ 
rather  widely  when  applied  to  various  machine  parts  or  to  structural 
elements,  such  as  thick  cylinders,  flat  plates,  crank  shafts,  webs  of 
girders,  etc.  The  maximum  shear  theory  of  combined  stress  for  duc- 
tile materials  as  expressed  by  Guest's  law,  which  has  gained  rather 
wide  acceptance  in  recent  years,  assumes  that  the  elastic  shearing 
strength  is  one-half  of  the  elastic  tensile  strength.  Available  experi- 
mental results,  however,  have,  in  general,  failed  to  justify  this 
assumption.  The  importance  of  the  limitation  imposed  by  the  shear- 
ing stress  upon  the  elastic  strength  of  ductile  material  is,  of  course, 
generally  recognized.  It  is  of  special  importance  to  know  the  relation 
between  the  shearing  and  the  tensile  (and  compressive)  elastic 
strengths  for  vaiious  grades  of  ductile  and  semi-ductile  steels.     The 
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main  object  of  the  investigation  herein  recorded  was  to  determine 
carefully  the  elastic  shearing  strength  of  ductile  and  semi-ductile  steel 
and  to  find  the  ratio  of  the  elastic  shearing  strength  to  the  elastic 
tensile  strength  with  the  hope  that  definite  information  would  thereby 
be  obtained  on  the  breakdown  of  the  elastic  action  of  various  grades 
of  steel  and  on  the  limits  of  the  theories  of  combined  stress. 

Apart  from  the  problem  of  combined  stress  there  has  been  also  a 
lack  of  knowledge  of  the  correct  elastic  shearing  strength  of  various 
grades  of  steel  and  of  the  general  nature  of  elastic  shearing  failure 
as  well  as  of  methods  of  determining  the  correct  shearing  strength 
from  tests. 

This  bulletin  presents  the  results  of  experiments  with  six  grades 
of  steel,  three  carbon  steels  and  three  alloy  steels;  namely,  soft,  mild, 
and  medium  carbon  steel ;  and  vanadium,  nickel,  and  chromic-nickel 
alloy  steel.  The  elastic  strength  in  tension,  in  compression,  and  in 
shear  is  given  for  each  of  the  six  grades  of  steel. 

R. 

Turbine  Steels.  W.  H.  Hatfield  and  H.  M.  Duncan.  (North- 
East  Coast  Institution  of  Engineers  and  Shipbuilders,  March  19, 
1920.) — This  Paper  constitutes  a  report  of  : 

1.  An  investigation  into  the  response  which  commercial  forgings 
made  to  the  different  forms  of  mechanical  testing  now  in  vogue. 

2.  Similar  investigations  into  the  mechanical  properties  of  turbine 
parts  which  had  given  satisfactory  service  and  also  of  those  which 
had  failed,  with  a  view  to  eliciting  reliable  information  concerning 
the  relative  importance  of  the  different  values  to  be  obtained  from 
the  different  forms  of  mechanical  tests. 

3.  Experiments  with  the  four  steels  covered  in  the  British  Elec- 
trical and  Allied  Manufacturers'  Association  specification  with  a  view 
to  determining  the  mechanical  properties,  under  laboratory  con- 
ditions, of  size,  heat-treatment,  etc. 

4.  Considerations  in  the  light  of  the  results  obtained  from  items 
I,  2  and  3,  as  to  which,  if  any,  additional  forms  of  test  might  be 
adopted  for  inclusion  in  the  British  Electrical  and  Allied  Manufac- 
turers' Association  specification. 

The  following  mechanical  tests,  which  arc  briefly  described  in  the 
Paper,  were  employed  during  the  investigations,  and  the  results 
obtained  are  reported :  tensile,  torsion,  bend,  Charpy,  Fremont  and 
Izod  tests ;  Arnold  alternating  test ;  Stanton,  Sankey  and  Brinell 
tests ;  "  Shore  Scleroscopc  "  hardness  tests. 


4 


PRESS   OF 

J.    II.   I.IIMMNCOTT    COMPANY 

run. ADEI. PIMA 


Journal 


of 

The  Franklin  Inslilule 

Devoted  to  Science  and  the  Mechanic  Arts 
Vol.  189 JUNE,  1920 No.  6 

MULTIPLEX  TELEPHONY  AND  TELEGRAPHY  OVER 
OPEN-CIRCUIT  BARE  WIRES  LAID  IN  THE  EARTH 
OR  SEA.=^^= 

BY 

MAJOR  GENERAL  GEORGE  O.  SQUIER, 

Chief  Signal  Officer,  United  States  Army.    Member  of  the  Institute 
INTRODUCTION. 

The  "  key  problem  "  in  the  procurement  of  essential  Signal 
Corps  supplies  in  the  United  States  during  the  World  War,  curi- 
ously enough,  turned  out  to  be  the  production  of  the  necessary 
braiding  machines  for  finishing  insulated  wire.  The  bare  wire 
itself  could  be  obtained,  the  rubber  insulation  could  be  obtained, 
even  the  cotton  thread  with  which  the  braiding  was  made  could 
be  obtained,  but  the  necessary  machinery  for  braiding  the  thread, 
which  finally  led  us  into  the  difficulties  of  the  procurement  of 
steel,  was  never  anything  like  adequate  for  the  enormous  demands 
required  in  the  field. 

The  braiding  capacity  of  the  entire  United  States,  as  of  Sep- 
tember I,  1918,  was  sufficient  for  about  8000  miles  of  twisted 
pair  insulated  wire  a  month,  while  the  requirements  for  the 
American  forces  alone  at  that  date  were  about  40,000  miles  a 
month.     On  October   i,    1918,  the  Allied  Council   reached  the 

*  Communicated  by  the  author.     An  abstract  of  this  paper  was  pre- 
sented   to    the    National    Academy    of    Sciences,    Washington,    D.     C 
April  27,  1920. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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decision  that  beginning  March  i.  19 19,  it  would  be  necessary  for 
the  United  States  to  furnish  all  of  this  type  of  wire  used  by  the 
Allied  armies  in  the  field,  and  the  estimated  minimum  require- 
ments for  this  purpose  were  100,000  miles  a  month.  To  supply 
this  amount  of  insulated  wire  would  have  required  cargo  space 
for  overseas  shipment  in  the  amount  of  14,000  ship  tons  a  month, 
but  had  it  been  possible  to  use  single  conductor  bare  wire  in  place 
of  the  twisted  pair  insulated  wire,  the  space  required  would  have 
been  reduced  to  2500  ship  tons  a  month,  thus  releasing  the  balance 
for  transportation  of  food,  and  other  vitally  necessary  supplies. 

It  is.  therefore,  of  paramount  importance  to  diagnose,  as  far 
as  possible,  the  technical  problems  of  equipment  in  the  light  of 
past  experience  and  of  the  present  trend  of  development. 

The  above  facts  show  the  necessity  of  developing,  if  possible, 
new  methods  by  which  a  reduction  may  be  effected  in  the  enor- 
mous quantities  of  expensive  and  bulky  insulated  wire,  which  was 
so  difficult  to  procure  during  the  World  War. 

The  following  reasoning  led  to  the  carrying  out  of  the  experi- 
ments to  be  described. 

i.  Since  we  can  already  communicate  by  radio  means  between 
one  submarine  and  another  submarine,  both  completely  sub- 
merged, it  was  considered  that  connecting  two  such  stations  by 
a  submerged  copper  wire  could  have  no  other  effect  than  to  facili- 
tate the  propagation  of  the  electromagnetic  waves  between 
the  stations. 

2.  It  was  considered  possible  that  earth  or  water  under  the 
action  of  high  frequency  electromagnetic  forces  might  exhibit 
greatly  different  properties  from  those  with  which  we  are  famil- 
iar at  direct  or  low  frequency  currents. 

3.  It  was  l)elieved  that  whatever  high  frequency  energy  losses 
miffht  occur  in  the  transmission  over  bare  wires  laid  in  earth  or 
water,  the  over-all  efficiency  would  be  higher  than  in  the  case  of 
radio  space  transmission  where  the  plant  efficiency  is  so  very  low. 

4.  It  was  noted  by  the  writer  in  September,  19 10,  and  dis- 
cussed by  him  in  April,  191 2,'  that  the  three  electrode  audion 
could  l)e  used  as  a  potentially  operated  device  on  open  circuits. 
This  arrangement  was  considered  suitable  for  the  reception  of 
the  signals  over  bare  wires  in  earth  or  water. 

'Journal  of  The  Franklin  Institute,  April,  1912,  "Some  Experiments 
ill  '  Wired  Wireless '  Telegraphy  for  Field  Lines  of  Information  for  Military 
Purposes,"  hy  Major  George  O.  Squier.  Signal  Corps,  U.  S.  Army. 
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PRELIMINARY  EXPERIMENTS. 

The  first  experiment  was  an  extremely  simple  one,  as  follows : 
A  bare  No.  18  phosphor  bronze  wire,  such  as  is  used  for  Signal 
Corps  field  antenna?,  was  laid  across  the  Washington  channel  of 
the  Potomac  River  from  the  War  College  to  the  opposite  shore 
in  Potomac  Park.  It  was  paid  out  from  a  small  boat  with  suf- 
ficient slack  to  lay  on  the  bottom  of  the  river.  Care  was  taken 
to  make  this  preliminary  experiment  as  simple  as  possible,  and 
precaution  was  taken  to  insure  that  the  wire  itself  should  be  bright 
and  clean  and  entirely  free  from  any  grease  or  other  insulating 
material.  A  standard  Signal  Corps  radio  telephone  and  telegraph 
set,  SCR  67,  was  directly  connected  to  each  end  of  the  wire,  one 
set  serving  as  a  transmitter  and  the  other  as  a  receiver.  At  the 
receiving  end  of  the  line  the  bare  wire  was  directly  connected 
to  the  grid  terminal  of  an  electron  tube  in  the  receiving  set  and 
the  usual  ground  connection  left  open.  A  frequency  of  about 
600,000  cycles  a  second  was  used  and  the  Hne  tuned  at  each 
end  by  the  usual  methods.  Excellent  telegraphy  and  telephony 
were  obtained. 

This  experiment  demonstrated  the  possibility  of  transmit- 
ting electromagnetic  waves  along  bare  wires  submerged  in  water, 
and  the  use  of  an  electron  tube  as  a  potentially  operated  device 
on  open  wire  for  the  reception  of  signals. 

The  success  of  this  simple  experiment  led  immediately  to  a 
more  thorough  consideration  of  the  entire  subject. 

One  of  the  questions  to  be  investigated  was  the  general  effec- 
tiveness of  the  electron  tube  when  used  as  a  potentially  operated 
instrument  connected  to  an  open  line. 

The  following  experiment  was  made  in  the  office  of  the  Chief 
Signal  Officer,  Washington,  D.  C.  A  strip  of  wire  netting  was 
buried  in  the  snow  outside,  with  a  wire  attached  to  it  leading 
to  the  second  story  of  the  office.  The  upper  end  of  this  wire 
was  connected  directly  to  the  grid  of  an  electron  tube.  The 
reason  for  connecting  the  grid  to  the  upper  end  of  the  antenna 
is,  of  course,  obvious.  For  maximum  sensitiveness  it  is  neces- 
sary to  connect  it  to  the  point  of  maximum  potential  of  the 
antenna,  which  in  the  case  of  a  linear  oscillator  occurs  at  the 
open  end.  By  this  arrangement,  messages  were  readily  received 
from  distant  points  in  the  United  States. 
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THE  PROPAGATION  OF  ELECTROMAGNETIC  WAVES  OVER  BARE  WIRES 
IMMERSED   IN  WATER. 

A  series  of  tests  was  arranged  to  check  more  carefully  the 
results  of  the  preliminary  experiments  and  also  to  get  more  com- 
plete information  on  the  possibilities  of  the  method  of  using  bare 
wires  submerged  in  water  for  high  frequency  current  telegraph 
and  telephone  communication.  The  tests  were  conducted  between 
Fort  Hunt.  Virginia,  and  Fort  Washington,  Maryland,  located  on 

Photograph  A. 


opposite  banks  of  tiie  Potomac  River,  approximately  twenty-five 
miles  south  of  Washington.  The  wire  consisted  of  a  bare  seven- 
strand  No.  18  phosphor-bronze  antenna  wire  submerged  for  ap- 
proximately 3000  feet  (914  m.)..  The  two  terminals  were 
brought  out  on  the  wharves  where  the  transmitting  and  receiving 
apparatus  were  located,  as  near  as  possible  to  the  surface  of  the 
water  as  shown  in  the  accompanying  photograph  "A."  The 
length  of  the  exposed  portion  of  the  wire  at  the  transmitting 
end  was  about  7  feet  (2.1  m.),  while  at  the  receiving  end  it  varied 
from  5  to  25  feet  (1.5  m.  to  7.6  m.),  depending  upon  the  location 
of  the  receiving  apparatus  in  the  various  experiments. 
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TRANSMITTING  DATA. 

The  transmitter  was  located  on  the  Fort  Hunt  wharf  on  the 
\*irginia  side  of  the  Potomac.  It  was  of  the  electron  tube  type 
oscillator  with  Signal  Corps  VT-2  tubes.  The  particular  type  of 
circuit  employed  was  developed  especially  for  wired  wireless 
transmission  and  possesses  features  which  make  it  directly  applic- 

Photograph  B. 


able  to  this  type  of  work.  Buzzer  or  voice  modulation  was  also 
provided  for,  the  modulating  circuit  being  identical  with  that 
employed  in  the  standard  Signal  Corps  radio  telephone  apparatus. 
The  source  of  modulated  high  frequency  energy  was  coupled  to 


Fig.  I. 
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the  submerged  wire  as  shown  in  Fig.  i,  where  the  source 
is  shown  at  the  left,  7  is  a  radio  frequency  transformer, 
L  a  variable  inductance,  C  a  variable  condenser.  A  trans- 
mitting wave-length  of  1050  metres  was  adopted  as  this  was 
very  closely  the  wave-length  for  which  the  amplifier  at  the  re- 
ceiver was  designed.    The  tuning  of-the  submerged  wire  by  means 
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of  the  variable  inductance  and  capacity  was  remarkably  sharp, 
a  definite  maximum  value  of  current  being  obtained,  which  at 
resonance  averaged  250  milliamperes.  In  general,  the  line  be- 
haved as  a  lumped  inductance  rather  than  a  capacity;  a  variable 
condenser  in  series  is  necessary  to  tune  this  line.  At  this  fre- 
quency the  line  was  found  to  have  an  equivalent  inductance  of 
about  .02  of  a  millihenry. 


RECEIVING   DATA. 


The  receiving  apparatus  was  located  at  Fort  Washington, 
Maryland,  on  the  east  bank  of  the  Potomac  River. 

Test  No.  I. 

A  Navy  type  SE-1420  radio  receiver,  and  a  Signal  Corps 
SCR-72  audio  frequency  amplifier  were  employed.  The  sche- 
matic arrangement  is  shown  in  Fig.  2.  The  circuits  of  this 
receiver  are  inductively  coupled,  the  secondary  having  a  wave- 


FlG.  2. 
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length  range  of  200  to  8000  metres,  and  may  be  made  oscillatory 
or  not  at  will.  With  the  connections  indicated  in  the  figure,  and 
with  the  ground  connections  either  on  or  off,  no  signals  zvcrc 
received  in  an  oscillating  circuit  receiver  when  the  distant  trans- 
mitter was  unmodulated  or  in  a  non-oscillating  receiver  when  the 
transmitter  was  modulated  by  a  buzzer  or  the  voice.  Both 
spark  and  continuous  wave  signals,  however,  were  received  from 
nearby  radio  stations  when  the  ground  connection  was  removed. 
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Test  Xo.  2. 

A  simplified  circuit  was  next  used  connected  as  shown  in 
Fig.  3,  consisting  of  a  simple  oscillatory  circuit,  the  bare  wire 
being  connected  to  one  terminal  of  the  condenser  and  to  the  grid. 

A  Signal  Corps  type  BC-8  amplifier,  consisting  of  three  stages 
radio  frequency  amplification,  one  detector  tube,  and  two  stages 
audio  frequency  amplification  was  used.  The  radio  circuits  of 
the  amplifier  w^ere  at  resonance  at  1050  metres.  With  this  ar- 
rangement both  buzzer  modulated  signals  and  speech  were  re- 
ceived from  the  transmitting  set  at  the  other  end  of  the  submerged 
wire.  The  tuning  at  the  receiving  end  was  sharp.  Signals  from 
radio  stations  were  also  received.  Connecting  the  ground  mat 
to  the  input  filament  terminal  of  the  amplifier  completely  elimi- 
nated all  signals.    With  the  submerged  wire  connected  direct  to 

Fig.  3. 

25'  to  submerged  yvir&  |  Telephone 


Kolster  Decremeter 
Type  D  No.  150 


the    oscillating 


Amplifier  Type  BC  6 

circuit    removed, 


no    signals 


the    grid    and 
were  received. 

In  both  of  the  above  tests  the  receiving  apparatus  was  located 
approximately  five  feet  (1.5  m. )  above  the  water  level,  and 
twenty  feet  (6.1  m.)  horizontally  from  the  actual  terminal  of  the 
submerged  wire.  To  determine  to  what  extent  the  exposed  twenty 
feet  of  horizontal  wire  was  acting  as  an  "  antenna,"  the  entire 
receiving  apparatus  was  moved  close  to  the  terminal  of  the  sub- 
merged wire,  the  exposed  portion  thus  being  reduced  in  length 
to  approximately  five  feet  (1.5  m.).  Under  this  condition,  the 
intensity  of  the  received  signals  was  considerably  reduced.  Re- 
placing the  exposed  twenty  feet  (6.1  m.)  of  wire,  and  moving 
the  apparatus  back  to  its  original  position  did  not,  however,  bring 
back  the  signal  to  its  original  strength.  Later  investigation  of 
this  point  showed  that  at  this  time,  trouble  developed  in  the 
modulating  circuit  at  the  transmitter,  which  accounted  for  the 
weakening  of  the  signals,  and  therefore  was  not  due  to  the  short- 
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ening  of  the  exposed  wire.  Disconnecting  the  submerged  wire, 
with  or  without  the  twenty  feet  (6.1  m.)  of  exposed  wire  attached 
to  the  circuit  totally  eliminated  all  signals.  This  demonstrated 
that  with  the  apparatus  and  circuits  employed,  the  signals  received 
were  transmitted  over  the  submerged  bare  wire  connecting  the 
two  stations,  and,  that  the  "  antenna  effect  "  of  the  short  length  of 
exposed  wire  at  the  receiver  was  entirely  negligible. 

Test  No.  J. 

An  experiment  was  tried  in  which  the  submerged  wire  was 
connected  direct  to  the  grid  input  terminal  of  the  amplifier.  It 
was  found,  however,  that  the  latter  "  howled  "  so  badly  as  to 
prevent  the  distinguishing  of  any  signals.  Shunting  the 
input  terminals  of  the  amplifier  with  a  capacity  of  about  200 
M.M.F.  eliminated  the  howling  and  brought  in  signals  from 
the  transmitter. 

Test  No.  4. 

The  submerged  wire  was  led  directly  to  one  terminal 
of  a  single  layer  coil.  The  diameter  of  this  coil  was  i^^  inches 
(3.8  cms.),  wound  with  No.  36  double  silk-covered  wire,  length 
approximately  28J/4  inches  (71.75  cms.),  total  number  of  turns, 
4100.  The  other  terminal  was  left  free.  A  brass  ring  about 
one-half  inch  (1.27  cms.)  wide,  split  longitudinally  and  provided 
with  a  binding  post  and  small  rubber  knob,  could  be  slid  over  the 
coil  for  the  purpose  of  locating  points  of  loop  potential  on  the 
coil.  This  ring  or  band  was  completely  insulated  from  the  coil 
winding.  A  short  flexible  lead  connected  this  band  to  the  input 
grid  terminal  of  the  amplifier  used  in  the  preceding  experiments. 
The  circuit  is  shown  diagramatically  in  Fig.  4.  Standing  waves 
were  found  to  exist  on  the  coil,  and  the  buzzer  signals  were  re- 
ceived. Two  potential  loop  points  were  noted  on  the  coil;  the 
one  giving  the  louder  signals  being  that  nearer  the  free  end 
of  the  coil.  The  coil  was  turned  in  a  horizontal  plane  while 
connected  to  the  submerged  wire,  but  no  directional  effects  were 
observed.  As  in  the  previous  experiment,  to  eliminate  howling, 
it  became  necessary  to  shunt  the  input  terminals  of  the  amplifier 
with  a  small  capacity.  Radio  signals  from  nearby  land  stations, 
and  telephone  conversation  from  n  Navy  airplane  in  flight  were 
heard  by  this  method. 
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To  make  certain  that  in  the  above  experiments  the  bare  wire 
constitutes  the  necessary  connecting  Hnk  between  the  two  stations 
through  which  the  high  frequency  current  flow  takes  place,  and 
that  the  energ\'  is  not  in  some  way  transmitted  entirely  or  in  part 


Fig.  4. 
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through  the  body  or  over  the  surface  of  the  water,  the  following 
experiment  was  made.  The  connections  are  shown  in  Fig.  5. 
The  line  consisted  of  a  bare  copper  wire  approximately  22  feet 
(6.7  m.)  in  length,  of  which  16  feet  (4.9  m.)  were  submerged  in 
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the  water,  the  outer  end  of  which  was  left  free.  The  other  ter- 
minal was  connected  to  two  metallic  ground  stakes  buried  in  the 
earth  to  a  distance  of  about  2  feet  (0.61  m. ).  The  average 
distance  between  the  ground  stakes  and  the  water  was  about 
4  feet  (1.2  m.).  The  transmitting  wave-length  was  1050  metres, 
as  in  the  Fort  Hunt-Fort  Washington  tests,  and  maximum  cur- 
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rent  obtainable  200  milliamperes.  In  contrast  to  the  results  ob- 
tained in  the  preceding  tests,  it  was  impossible  to  get  any  marked 
resonant  effect  with  this  short  submerged  wire.  As  the  series 
capacity,  C,  Fig.  5,  was  increased,  the  line  current  slowly  increased 
but  did  not,  however,  reach  a  resonant  maximum  value. 

The  receiving  apparatus  used  was  identical  with  that  employed 
in  the  preceding  test.  The  distance  separating  the  two  stations 
was  approximately  2000  feet  (0.6  km.).  At  the  receiver,  the 
line  consisted  of  2']  feet  (8.2  m.)  of  bare  wire,  of  which  24  feet 
{^y.^  m.)  were  immersed  in  the  water,  leaving  3  feet  (0.9  m.)  ex- 
posed.    A  type  D  Kolster  decremeter  and  a  type  BC-8  Signal 

Fig.  6. 


Corps  amplifier  served  as  a  receiver,  the  connections  being  as 
shown  in  Fig.  6. 

With  this  arrangement,  employing  no  ground  connection,  and 
with  the  transmitter  operating  as  described,  using  buzzer  modu- 
lation, no  signals  were  received.  Employing  the  submerged  wire 
as  a  ground,  and  a  wire  of  about  60  feet  (18.3  m.)  in  length  laid 
upon  the  stone  sea  wall  as  an  antenna,  time  signals  were  received 
from  the  Navy  Station  at  Arlington,  Virginia,  but  no  signals 
were  received  from  the  transmitter  at  the  other  side  of  the  river. 
Using  the  connection  shown  in  Fig.  6,  it  was  impossible  to  receive 
signals  even  from  the  Arlington  Station. 

It  is  evident  from  the  negative  results  of  the  above  test,  that 
the  high  frecjuency  current  flow  must  be  confined  more  or  less 
to  the  bare  wire  connecting  the  two  stations.  We  are  not  pre- 
pared at  this  time  to  offer  any  explanation  regarding  the  actual 
mechanism  of  the  energy  transfer.  Tt  may  well  be  that  the  bare 
wire  functions  as  a  guide,  the  electromagnetic  energy  being  con- 
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fineil  to  a  finite  cylindrical  layer  of  water  surrounding-  the  wire. 
But  whatever  the  true  explanation  may  prove  to  be,  it  was  estab- 
lished by  these  experiments  that  high  frequency  currents  can  be 
transmitted  on  bare  wires  submerged  in  fresh  water. 


EXPERIMENTS    WITH    BARE    WIRES   LAID    ON    THE    GROUND. 

The  Sigiial  Corps  is  now  required  to  furnish  lines  of  inter- 
communication in  each  of  the  three  media,  z'ia.,  air,  earth  and 
water,  or  any  combination  of  these.  As  examples:  (i)  one  air- 
plane to  another  airplane,  (2)  one  military  dugout  to  another 
military  dugout,  and  (3)  one  submarine  to  another  submarine, 
both  submerged.     The  earth  crust  consists  of  such  widely  differ- 

FiG.  7. 


ent  character  of  materials,  depending  upon  the  locality,  that  the 
propagation  of  electromagnetic  waves  in  this  medium  should  in 
general  differ  with  the  particular  character  of  the  earth.  Water, 
on  the  other  hand,  teing  a  much  more  homogeneous  medium, 
should  exhibit  more  regular  and  orderly  results,  and  this  in  gen- 
eral has  been  the  experience  thus  far  in  these  experiments. 

The  work  at  the  radio  laboratories  at  Camp  Alfred  Vail,  Lit- 
tle Silver,  Xew  Jersey,  was  confined  to  experiments  on  the  propa- 
gation of  electromagnetic  waves  over  bare  wires  laid  on  the 
surface  of  the  earth  or  completely  buried  in  the  earth,  the  object 
being  a  study  of  the  effect  of  the  earth  as  a  surrounding  medium. 
Many  experiments  were  made  to  obtain  information  of  the  vari- 
ous factors  which  may  have  an  influence  on  the  final  results.  It 
would  make  this  paper  too  voluminous  if  an  atempt  were  made 
to  recount  here  in  detail  all  of  the  experiments.     It  will  sufifice. 
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therefore,  to  give  only  a  general  summary  of  the  methods  em- 
ployed and  the  results  obtained. 

No  attempt  has  been  made  to  determine  to  what  distance  these 
methods  may  be  made  effective  for  the  transmission  of  messages. 

Tests  were  carried  on  between  the  main  laboratory  and  a 
small  field  laboratory  one  and  three-quarters  miles  distant 
(2.8  km.).  A  bare  No.  16  wire  was  laid  on  the  surface  of  the  earth 
connecting  these  two  stations.  The  radio  telephone  instruments 
used  at  each  end  were  the  standard  Signal  Corps  SCR-67  sets, 
which  comprise  an  oscillating  transmitter  of  the  electron  tube  type. 
The  schematic  diagrams  of  the  transmitter  and  the  receiver  are 
shown  in  Figs.  7  and  8.  The  transmitting  current  w^as  about  100 
milliamperes  at  any  of  the  wave-lengths  available  with  these  sets, 
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which  covered  a  range  of  approximately  200  to  550  metres. 
Good  telephone  communication  could  be  maintained  between 
these  two  stations  with  the  above  equipments. 

Tests  were  also  made  to  ascertain  if  any  standing  wave  forma- 
tion occurs  on  the  line.  The  method  used  w^as  to  get  the  current 
intensity  at  different  points  on  the  line  by  opening  it  at  different 
points  and  inserting  a  hot  wire  milliammeter.  At  distant  points 
where  the  current  was  very  small,  the  hot  wire  milliammeter  was 
rci)laced  by  a  low  resistance  thermo-couple  and  a  single  pivot  Paul 
microammeter.  It  was  found  that  the  current  continually  de- 
creased with  the  distance  from  the  transmitting  end.  The  line  was 
then  cut  at  apoint  three-eighths  of  amile  (0.6  km.)  distant  from  the 
transmitting  station  and  left  open.  Ammeters  inserted  at  inten-als 
along  this  section  of  the  line  at  once  indicated  the  existence  of 
standing  waves.     An  investigation  was  then  made  with  a  search 
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coil  circuit  consisting  of  a  small  loop  tuned  by  a  variable  con- 
denser and  an  electron  tube  detector  and  two-stage  amplifier. 
By  moving  this  coil  along  the  line  the  loops  and  nodes  of  the 
standing  waves  were  located.  The  wave-length  used  in 
these  tests  was  250  metres,  and  the  transmitting  current  aljout 
120  milliamperes. 

BARE  WIRES  BURIED  IN  THE  EARTH. 

Experiments  were  also  made  at  Little  Silver,  New  Jersey, 
connecting  two  stations  b}-  a  bare  wire  buried  in  the  earth  at  a  depth 
of  about  eight  inches  (20  cm.).  A  furrow  was  plowed  between  the 
two  stations  and  a  bare  No.  16  wire  was  then  laid  in  this  furrow ; 
a  second  furrow  was  plowed  back  along  the  side  of  the  first  one, 
so  that  the  earth  from  the  second  furrow  was  turned  back  into 
the  first,  covering  the  wire.  The  soil  is  moist,  sandy  loam,  being 
only  a  few  feet  above  tidewater.  Signal  Corps  SCR-67  radio 
sets  were  used  for  transmitting  and  receiving  purposes,  one  con- 
nected at  each  end  of  the  buried  wire.  With  this  arrangement 
telephone  and  telegraph  communication  was  established  over  a 
distance  of  about  a  half  mile  (0.8  km.).  In  general  at  the  fre- 
quencies used  the  line  behaved  as  an  inductance. 

In  the  case  of  the  propagation  of  high  frequency  currents 
over  bare  wires  laid  on  the  surface  of  the  earth  or  buried  in  the 
earth,  the  electromagnetic  energy  associated  with  it  is  apparently 
confined  only  to  a  limited  region  surrounding  the  wire.  If  a 
bare  wire,  open  at  the  receiving  end,  whether  laid  on  the  surface 
of  the  earth  or  buried  in  the  earth,  were  considered  as  a  radio 
antenna,  it  would  be  expected  that  signals  would  be  heard  in  a 
region  along  the  prolongation  of  the  wire  in  a  direction  opposite 
to  the  open  end,  in  accordance  with  the  well-known  phenomena 
relating  to  directive  antennae.  As  a  matter  of  fact,  however,  the 
experiments  showed  just  the  reverse.  Signals  were  always  lo- 
cated in  close  proximity  to  the  wire  itself,  and  followed  it  about 
through  angles  or  in  straight  lines  as  the  wire  was  laid. 

Another  remarkable  effect  observed  in  connection  with  the 
experiments  on  the  propagation  of  high  frecjuency  currents  over 
buried  wires  was  the  influence  of  a  comparatively  thin  layer  of 
soil  in  screening  the  electromagnetic  effects  due  to  the  current 
flow  in  the  wire.  The  following  experiment  was  made:  Signals 
were  transmitted  over  the  bare  buried  wire,  and  an  exploring 
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coil,  with  a  suitable  detecting  instrument,  was  moved  along  the 
buried  wire  at  a  fixed  distance  from  it.  It  was  found  that  by 
uncovered  a  short  length,  say  5  feet  (1.5  m.),  of  the  wire  imme- 
diately beneath  the  coil  the  signals  would  appear,  and  would 
disappear  again  when  the  earth  was  put  back  over  the  wire. 
From  a  military  standpoint  this  screening  effect  of  comparatively 
thin  layers  of  certain  kinds  of  soil  is  evidently  very  important. 
It  serves  to  separate  and  isolate  certain  radio  phenomena  on  bare 
wires  in  earth  to  secure  secrecy  which  is  so  necessary  for  mili- 
tary purposes,  and  so  difficult  and  well-nigh  impossible  to  ob- 
tain in  the  air. 

MULTIPLEXING. 

No  special  mention  has  been  made  of  the  multiplex  features 
in  connection  with  these  open  circuit  lines,  whether  buried  in 
earth  or  water.  It  is  self-evident  that  the  general  principles  of 
multiplexing  over  wires  in  air  by  using  radio  frequency  carriers 
are  also  applicable  to  wires  in  earth  or  water. 

BUREAU    OF    STANDARDS    EXPERIMENTS. 

A  detailed  laboratory  study  of  the  phenomena  connected  with 
the  propagation  of  high  frequency  currents  on  bare  wires  sub- 
merged in  fresh  water  is  also  being  conducted  in  the  Signal  Corps 
research  laboratory  at  the  Bureau  of  Standards.  The  object 
of  these  researches  is  to  determine  the  electrical  constants  of  bare 
wire  submerged  in  water  when  subjected  to  high  frequency  cur- 
rents. A  suitable  tank  for  this  purpose  was  available  at  the 
Bureau,  the  dimensions  of  which  are  as  follows:  125  metres 
long,  2  metres  deep  and  2  metres  wide.  Two  wires  were  placed 
in  the  tank,  serving  as  a  to-and-fro  conductor,  and  constituting 
a  complete  transmission  line  immersed  in  water.  An  electron  tube 
oscillator  was  used  as  a  transmitter  and  measurements  were  made 
to  determine  the  apparent  impedance  of  the  system  with  the 
remote  end  short-circuited  and  also  open-circuited.  From  these 
measurements  the  electrical  constants  of  the  line  were  calculated. 
The  research  has  not  been  c<)mi)leted  yet,  but  the  information 
obtained  in  regard  to  the  capacity  and  leakance  may  be  of  con- 
siderable interest,  and  arc  accordingly  given  here  in  the  accom- 
panying curves.  Figs.  9  and  10.  It  is  seen  that  at  low  frequencies 
the  capacity  is  extremely  large,  al)out  1200  microfarads  per 
kilometre,  the  equivalent  of  an  entire  Atlantic  cable,  but  dimin- 
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ishes  very  rapidly  as  the  frequency  is  increased,  and  at  a  fre- 
quency of  about  40.000  cycles  a  second,  the  capacity  practically 
vanishes.  The  leakance  increases  with  the  frequency  up  to  about 
5000,  and  then  begins  to  slowly  decrease  as  the  frequency  is 
increased.  Experiments  are  now  being  conducted  at  still 
higher  frequencies. 

The  results  were  surprising,  particularly  the  high  capacity 

Fig.  9. 


Frequenci/,  cycles  a  Second 

values  at  the  low  frequencies.  The  experiments  apparently  show 
that  the  frequency  of  the  current  used  has  a  marked  influence  on 
the  l^ehavior  of  water  as  a  medium,  and  is  entirely  different  from 
what  it  would  Ije  for  direct  or  low  frequency  currents. 

It  must  be  noted,  however,  that  .in  the  calculation  of  the 
values  given,  the  usual  transmission  formuke  were  employed, 
which  may  not  be  applicable  in  this  case.  It  is  expected,  however, 
that  further  experiments  will  be  made  under  resonance  condi- 
tions, and  at  still  higher  frequencies. 
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RESONANCE   WAVE   COILS. 

In  the  investigation  of  the  problems  discussed  in  the  preced- 
ing sections,  open  circuits  were  used  and  the  electron  tube  em- 
ployed as  a  potentially  operated  device,  the  grid  being  directly 
connected  to  the  line.  To  get  the  best  results,  it  was  necessary 
to  devise  a  method  for  securing  high  potential  points  at  the  receiv- 
ing end  of  the  line  without  losing  the  advantage  of  tuning.    This 

Fig.  10. 


Effect/ye  Capaati/ 
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Frequencyi  Ci/cles  a  Second 

was  accomplished  by  the  use  of  a  resonance  wave  coil  connected 
to  the  line,  and  adjustment  obtained  by  either  moving  along  the 
coil  the  end  of  the  wire  connected  to  the  grid,  or  sliding  along  the 
coil,  a  narrow  metal  ring  connected  to  the  grid,  this  constituting 
a  capacity  coupling  between  the  grid  terminal  and  the  coil.  Coils 
of  various  dimensions  v/er-e  made  up  of  wave-length  ranges  from 
250  metres  to  1800  metres.  A  separate  study  of  the  electrical 
characteristics  of  these  coils  as  a  means  for  receiving  radio  signals 
is  being  conducted  in  the  Signal  Corps  laboratories. 
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For  the  present  purpose  it  will  suffice  to  give  here  only  a 
general  statement  in  regard  to  the  characteristics  of  the  resonance 
wave  coil  receivers  and  the  results  obtained.  The  coils  were  made 
up  in  the  form  of  long  helices  uniformly  w^ound  with  very  line 
wire  so  as  to  give  uniformly  distributed  inductance,  capacity  and 
resistance,  except  for  the  disturbing  end  effect.  The  inductance 
per  unit  length  is  high  and,  therefore,  in  a  comparatively  short 
coil,  the  equivalent  condition  of  a  long  line  is  obtained  in  the  mat- 
ter of  wave  development.  As  an  illustration  we  may  give  the 
data  for  one  coil  as  follows:  Diameter,  11.5  cm.;  length,  58  cm.; 
number  of  turns  per  cm.,  34;  total  inductance  of  coil  calculated, 
80.5  millihenrys;  fundamental  wave-length  measured,  1700 
metres.  Such  a  coil  connected  to  an  antenna  or  bare  wire  in  water 
or  earth,  as  in  these  experiments,  can  be  used  for  tuning  and  at 
the  same  time  advantage  can  be  taken  of  the  wave  development 
on  the  coil,  and  the  highest  potential  point  used  for  obtaining 
the  greatest  sensitiveness  in  the  receiving  of  the  signals.  This 
is  practically  the  way  in  which  the  wave  coils  were  used  in  the 
experiments  described  above. 

Aside,  however,  from  its  use  as  a  tuning  element  in  connec- 
tion w-ith  antennae  or  lines,  it  was  found  in  the  course  of  the  ex- 
periments that  a  resonance  w^ave  coil  can  also  function  as  the 
antenna,  so  that  by  itself  it  constitutes  a  complete  antenna  system. 
The  coil  may  be  grounded  at  one  end  or  it  may  be 
entirely  free.  In  either  form  it  can  be  utilized  as  a  means  for 
receiving  radio  signals. 

It  may  be  noted  that  in  an  antenna  of  this  kind  all  the  electrical 
constants,  inductance,  capacity,  resistance  and  the  e.m.f.  induced 
in  it  by  the  incoming  signal  are  of  a  distributed  character,  which 
makes  it  in  a  sense  an  ideal  wave  conductor. 

Xo  complete  data  is  yet  available  in  regard  to  sensitiveness 
and  selectivity  of  the  w^ave  coil  antenna  as  contrasted  with  the 
usual  forms  of  closed  circuits  now  used.  Very  promising  results, 
however,  are  being  obtained  in  the  Signal  Corps  laboratories 
and  the  study  of  the  electrical  characteristics  of  the  wave  coil  is 
being  continued. 

DIRECTION  FINDING. 

The  experiments  with  the  resonance  wave  coils  led  to  the  dis- 
covery that  it  possesses  remarkable  directive  properties.  A 
change  in  the  position  of  the  coil  wnth  respect  to  the  transmitting 
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source  changes  the  vohage  and  current  distribution  on  the  coil 
and  accordingly  produces  a  shift  in  the  position  of  the  point  of 
maximum  potential.  The  shift  occurs  in  one  direction  or  the 
other,  depending  on  the  position  of  the  transmitting  source  with 
respect  to  the  coil.  Hence,  this  ofifers  a  means  of  determining 
not  only  the  plane  in  which  the  electromagnetic  waves  travel, 
as  is  the  case  of  the  usual  loop  antenna,  but  it  determines  the  actual 
direction  from  which  the  signals  proceed.  The  explanation  ap- 
pears to  be  as  follows : 

If  the  electromagnetic  wave  front  is  parallel  to  the  axis  of  the 
coil,  as  indicated  diagrammatically  in  Fig.  ii,  each  element  of 
the  coil  has  induced  in  it  an  e.m.f.  of  the  same  intensity  and  the 
same  phase.  We  have  a  condition  of  a  conductor  of  uniformly 
distributed  electrical  constants,  and  acted  upon  by  uniformly 
distributed  e.m.f.,  from  which  results  a  definite  potential  and 
current  wave  distribution  on  the  coil,  the  exact  form  depending 
on  the  length  of  the  coil,  frequency,  and  terminal  conditions.  By 
moving  the  terminal  of  the  grid  of  an  electron  tube  along  the  coil, 

Fig.  II. 
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the  point  of  maximum  potential  is  readily  determined.  The  con- 
nection between  the  grid  and  the  coil  need  not  be  an  actual 
physical  contact.  In  most  experiments  a  capacity  connection  was 
used,  consisting  of  a  narrow  metal  ring  sliding  freely  on  the  coil. 
If  now  the  coil  is  turned  at  some  angle,  as  shown  in  Fig.  12.  the 
e.m.f.  induced  in  the  coil  is  no  longer  uniformly  distributed,  since 
there  is  a  difference  of  phase  between  the  e.m.f.  acting  on  each 
element  of  the  coil  arising  from  the  difference  in  time  required 
for  the  electromagnetic  wave  to  reach  the  different  parts  of  the 
coil.  As  a  result,  the  voltage  and  current  distribution  on  the 
coil  is  altered  and  the  point  of  the  maximum  potential  loop  is 
accordingly  shifted  in  one  direction  or  another,  depending  on  the 
direction  of  inclination  of  the  coil  to  the  direction  of  propagation 
of  the  signal.  It  was  also  found  that  when  the  longitudinal  axis  of 
the  coil  is  perpendicular  to  the  direction  of  propagation  of  the  sig- 
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nals  ttN'o  potential  loops  may  occur,  one  near  each  end  of  the  coil, 
these  potential  loops  being-  substantially  of  the  same  amplitude. 
When  the  coil  is  turned  through  an  angle  in  the  horizontal  plane  the 
potential  loop  near  that  end  of  the  coil  which  points  in  the  general 
direction  towards  the  transmitting  source  is  of  a  greater  ampli- 
tude than  that  of  the  loop  near  the  end  of  the  coil  pointing  away 
from  the  station.  This,  therefore,  offers  a  suitable  means  for  de- 
termining the  actual  direction  from  which  the  signals  proceed. 
The  above  is  only  a  brief  statement  of  the  general  principles 

Fig.  12. 


governing  the  operation  of  resonance  wave  coils  as  applied  to 
direction  finding. 

SUMMARY. 

For  military  reasons,  if  for  no  other,  as  stated  in  the  intro- 
duction of  this  paper,  the  Signal  Corps  has  recently  undertaken 
certain  investigations  in  the  phenomena  connected  with  the  trans- 
mission of  high  frequency  electromagnetic  waves  over  bare  wires 
in  earth  and  in  water. 

In  attacking  the  problem  from  various  angles  and  in  carrying 
out  these  investigations  the  research  staff  of  the  Signal  Corps 
lalxDratory  at  Camp  Alfred  Vail,  Little  Silver,  New  Jersey,  was 
directed  to  carrj'  out  experiments  on  bare  wires  laid  on  the  sur- 
face of  moist  ground  and  also  buried  in  earth.     The  staff  at  the 
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Signal  Corps  research  laboratory  at  the  Bureau  of  Standards 
was  directed  to  investigate  fundamentally  the  transmission  of 
electromagnetic  waves  over  bare  wires  in  fresh  water.  In  addi- 
tion to  this,  the  engineering  staff  of  the  office  of  the  Chief  Signal 
Officer  has  carried  out  from  time  to  time  certain  experiments  of  a 
more  or  less  crucial  character  which  have  come  up  for  solution  in 
the  prosecution  of  this  work  at  the  other  laboratories. 

Certain  data  from  each  of  these  groups  of  engineers  have 
been  presented  above.  The  phenomena  associated  with  the  trans- 
mission of  high  frequency  waves  over  bare  wires  in  earth  or 
water  are  obscure  and  complex,  and  the  writer  has  formulated 
no  definite  theory  at  the  present  time. 

RESULTS  OBTAINED. 

1.  Telephone  and  telegraph  communication  has  been  estab- 
lished between  Fort  Washington,  Maryland,  and  Fort  Hunt, 
Virginia,  across  the  Potomac  River,  below  the  City  of  Washing- 
ton, over  a  distance  of  about  three-quarters  of  a  mile  (1.20  km.), 
by  the  use  of  a  bare  No.  12  phosphor-bronze  wire  laid  in  the 
water  to  connect  the  stations.  The  transmitter  consisted  of  an 
electron  tube  oscillator  which  delivered  a  current  of  about  270 
milliamperes  to  the  line  at  a  frequency  of  about  300,000  cycles 
a  second.  At  the  receiving  end  of  the  line  an  electron  tube  and 
a  six-stage  amplifier  were  used  without  any  ground  connection. 
With  this  arrangement  good  tuning  was  obtained  at  both  ends 
of  the  line,  and  telegraphic  and  telephonic  transmission  secured 
over  the  bare  wires  immersed  in  fresh  water. 

2.  A  resonance  wave  coil  has  been  developed.  The  coil  is 
in  the  form  of  a  long  helix  wcnmd  with  a  large  number  of  turns 
on  which  stationary  waves  are  produced  l>y  the  incoming  radio 
signals.  An  electron  tube  is  used  as  the  detector,  the  grid  being 
connected  to  the  point  of  maximum  potential  on  the  coil.  The 
wave  coil  may  be  used  either  as  a  part  of  the  usual  antenna  system 
or  a  part  of  a  line  wire,  or  it  may  act  itself  as  the  antenna  for 
picking  up  the  energy  of  the  signals.  In  the  latter  case  the  coil 
may  l)e  either  free  at  both  ends  or  grounded  at  one  end.  Good 
results  have  been  obtained  in  cither  case.  It  has  1)een  also  found 
that  the  open  coil  has  directional  pro|)erties  and  can  ])c  used  as 
a  goniometer.  This  form  of  radio  gonicMUctcr  has  the  great  ad- 
vantage that  it  pernn'ls  not  only  of  determining  the  plane  where 
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the  signals  are  strongest  but  also  the  direction  troni  which  such 
signals  proceed. 

3.  lelegraph  and  telephone  connnunication  has  been  also 
established  between  two  stations  at  the  Signal  Corps  research 
laboratories  at  Lamp  Alfred  Vail,  Little  Silver,  I^ew  Jersey, 
using  a  bare  Xo.  lO  copper  wire  buried  in  the  earth  to  a  depth 
of  about  eight  inches  (20  cm.)  to  connect  the  stations.  The 
distance  between  the  two  stations  was  three-quarters  of  a  mile 
{I.20  km.).  Frequencies  as  high  as  one  million  cycles  a  second 
were  used.  Similar  communication  has  been  carried  on  over  a 
bare  wire  one  and  three-quarters  miles  (2.8  km.)  long  laid  on 
the  surface  of  moist  earth.  The  current  at  the  transmitting  sta- 
tion in  these  installations  was  about  100  milliamperes.  It  has 
been  shown  that  a  bare  wire  buried  in  moist  earth  with  the  dis- 
tant end  open  can  be  tuned  both  at  the  transmitting  end  and  at 
the  receiving  end. 

SUGGESTIONS. 

1.  In  the  older  art  of  ocean  telegraphy,  the  elaborateness  of 
line  construction  has  already  reached  a  practical  limit.  The  best 
Atlantic  cable  of  the  present  day  is  limited  in  operation  to  electric 
waves  of  frequency  of  the  order  of  10  cycles  a  second.  The  elec- 
trical construction  is  such  as  to  limit  the  voltage  employed  on  any 
long  cable  to  from  50  to  80.  The  relative  values  of  the  line 
constants  in  any  present  ocean  cable  preclude  the  possibility  of 
ocean  telephony. 

The  most  promising  hope  of  improving  the  line  construction 
for  ocean  cables  is  believed  to  be  to  abandon  the  present  method 
of  design  and  construction  and  to  start  with  the  simple  case 
of  bare  wires  in  water  using  high  frequency  currents  and  study 
the  necessary  changes  to  produce  optimum  transmission. 

The  use  of  a  high  frequency  "  carrier  "  has  the  inherent  ad- 
vantage that  the  distortion  phenomena  accompanying  present 
methods  of  long-distance  transmission  are  eliminated,  and  we 
are  principally  concerned  with  the  problem  of  reducing  attenua- 
tion. The  most  suitable  voltage  may  be  employed  and  present 
multiplex  methods  may  be  utilized.  The  electron  tube  is  avail- 
able for  IxDth  the  generation  and  the  reception  of  the  waves. 

2.  During  the  last  few  years  an  intensive  study  has  been 
made  of  the  surface  conditions  of  wires  necessary  to  produce  the 
emission  of  electrons,  and  to  this  intensive  study,  both  by  uni- 
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versities  and  industrial  research  laboratories,  is  due  the  high  state 
of  efficiency  of  the  present  electron  tube.  Nothing  short  of  a 
similar  study  of  the  surface  conditions  of  wires  to  prevent 
the  emission  of  electrons  instead  of  producing"  them,  will  finally 
give  us  the  wire  conductor  of  the  future. 

3.  The  development  of  types  of  resonance  wave  coils,  both 
open  at  one  end  and  at  both  ends,  for  general  radio  work  offers 
an  interesting  field  for  investigation.  This  involves  the  study 
of  the  electron  tube  as  a  potentially  operated  device.  The  appli- 
cation of  such  coils  properly  designed  for  specific  purposes  may 
lead  to  the  practical  solution  of  a  number  of  radio  problems 
such  as  directional  efifects,  and  wave  coils  antenUcF  of  very 
small  dimensions. 

4.  The  account  of  the  experiments  thus  far  conducted  and  the 
reasons  which  have  led  to  the  undertaking  of  these  experiments 
on  the  part  of  the  Signal  Corps,  are  presented  to  the  National 
Academy  of  Sciences  at  this  time  in  conformity  with  the  new 
spirit  of  organization  for  national  and  international  research  so 
admirably  typified  by  the  National  Research  Council  which  is 
under  the  general  direction  of  this  official  body. 

Office  of  the  Chief  Sign'al  Officer, 
War  Department, 

Washinc;ton,  D.  C, 
April  27,  1920. 


The  Spectral  Distribution  of  the  Radiant  Energy  of  Metals. 
G.  R.  GuKENSLADE.  {Physical  Rcviczv,  February,  1920.) — A  thin 
sheet  of  the  metal  was  bent  into  a  W .  Working  tenn)eratures 
were  got  by  directing  an  optical  pyrometer  into  the  V,  while  the 
outer  surface  of  the  strip  radiated  to  the  receiving  device,  a  re- 
flecting spectrometer  and  bolometer.  Very  instructive  curves 
are  given  for  iron,  tungsten,  and  molyl)denum  in  which  wave- 
length is  plotted  against  intensity  of  radiation  for  eight  or  more 
temperatures.  The  purity  of  the  metal  was  discovered  to  affect 
greatly  both  the  form  of  this  curve  and  also  the  total  energy  radi- 
ated. "One  specimen  of  commercial  nickel  at  1353°  K.  bad  a 
total  emission  of  2.5  times  that  of  electrolytic  cobalt-free  nickel  at 
the  same  temperature,  and  the  energy  for  the  wave-length  of 
maximum  emission  was  3.0  times  as  great.  This  large  difference 
was  probably  due  to  contamination  of  the  surface  by  the  ash  con- 
tained in  the  impure  specimen. " 

G.  F.  S. 


U.  S.  NAVAL  AIRCRAFT.* 

I'.Y  » 

JEROME  C.  HUNSAKER,  Eng.D. 

Commander,  Construction  Corps,  U.  S,  N'avy,  Navy  Department,  Washington,  D.  C, 

l.x  the  few  years  that  Naval  Aircraft  have  been  part  of  the 
Navy  they  have  IxH'ome  so  specialized  by  adaptation  to  meet 
specific  naval  requirements  that  they  constitute  to-day  distinctive 
types  of  design.  Before  considering  these  peculiarly  naval 
types,  let  us  examine  the  naval  functions  which  have  governed 
their  development. 

The  Navy  consists  of  two  major  parts:  the  Fleet,  which  is 
designed  to  operate  on  the  high  seas  in  any  part  of  the  world,  and 
the  Shore  Establishment,  organized  as  Naval  Districts  on  the 
coasts  of  the  United  States  and  the  outlying  possessions.  The 
primary  function  of  the  Fleet  is  to  discover,  engage  and  destroy 
the  enemy  lieet.  The  functions  of  the  Shore  Establishment  are 
both  industrial  and  military.  The  industrial  function  does  not 
concern  us  here.  The  military  function  is  the  elimination  from 
coastal  waters  of  the  activities  of  enemy  naval  forces,  in  par- 
ticular, raiders,  submarines  and  mine-layers. 

The  Navy  employs  every  weapon  or  device  which  is  con- 
sidered to  be  useful  in  connection  with  its  mission.  As  the 
mechanical  arts  advance,  the  latest  applications  are  introduced. 
Progress  in  any  of  the  arts  or  sciences  is  eagerly  seized  upon  to 
discover  means  for  making  use  of  the  new  knowledge  in  the  Navy. 
So  with  aeronautics;  as  the  art  has  progressed,  aircraft  have 
been  developed  for  use  in  the  Navy.  The  principles  governing  the 
design  of  such  Naval  Aircraft  are  the  very  fundamentals  of  the 
art,  but  the  aircraft  themselves  represent  the  application  of 
these  principles  to  meet  the  needs  of  the  Navy;  that  is,  to  ful- 
fill functions  allied  to  the  functions  of  the  Fleet  and  the 
Shore  Establishment. 

Consider  the  Fleet  first.  The  Fleet  must  have  scouts  to 
discover  the  enemy  and  give  intelligence  of  his  strength   and 

*  Presented  at  the  joint  meeting  of  the  Institute  and  the  Aero  Club 
of  Pennsylvania  held  Wednesday,  January  21,  1920. 
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probable  intentions.  Aircraft  may  obviously  be  used  for  this 
purpose  in  conjunction  with  scout  cruisers,  destroyers,  or  battle 
cruisers.  The  range  of  visibility  from  aircraft  is  relatively  enor- 
mous, as  an  observer  in  an  airplane  can  go  three  times  as  fast  and 
see  three  times  as  far  as  an  observer  on  a  ship.  With  this  inher- 
ent advantage,  it  only  remains  to  develop  practical  scouting  or 
reconnaissance  aircraft  for  such  work.  This  development  results 
from  no  idle  arm-chair  speculation,  however,  as  the  problem  is 
limited  by  the  restriction  that  the  Fleet  is  normally  at  sea  and 
the  weather  normally  bad. 

Scouting,  or  reconnaissance  for  the  Fleet,  may  be  of  two  kinds  : 
First,  reconnaissance  at  a  great  distance,  requiring  great  endur- 
ance in  the  air;  and  second,  reconnaissance  at  a  short  distance 
immediately  in  advance  of  the  Fleet.  For  this  second  function, 
great  endurance  is  not  needed  as  a  frequent  return  to  the  parent 
ship  is  possible.  We  thus  will  have  at  least  two  types,  one  charac- 
terized by  extreme  endurance,  the  other  by  simplicity  and  handi- 
ness  for  use  from  shipboard. 

Another  distinct  type  must  be  employed  for  fighting  enemy 
aircraft  which,  in  any  future  naval  engagement,  will  surely  be 
present.  This  problem  presents  considerable  difficulty  as  it  pre- 
supposes a  battle  in  the  sky  for  control  of  the  air  in  advance  of 
the  actual  engagement  of  the  ships.  Control  of  the  air  over  a  wide 
area  can  only  be  maintained  by  large  numbers  of  airplanes  of  the 
greatest  fighting  capacity  and  the  launching  of  a  swarm  of  air- 
planes at  the  desired  moment  from  the  restricted  spaces  aboard 
ship  seems  impracticable.  Consequently,  special  ships  in  the 
Fleet  with  flush  decks  and  enormous  hold  spaces  are  necessary  to 
act  as  carriers. 

Before  the  introduction  of  aircraft  into  the  Fleet,  the  control 
of  gunfire  was  directed  by  a  "  spotter  "  stationed  on  the  mast. 
This  is  the  highest  point  on  the  ship  from  which  to  observe  the 
splash  of  the  shells,  but  compared  with  a  position  several  thousand 
feet  in  the  air,  it  is  very  low — too  low,  for  example,  to  see  over 
a  smoke  screen  made  by  enemy  destroyers,  and  too  low  to  esti- 
mate at  extreme  ranges  the  distance  from  the  target  to  the  splash. 
The  individual  battleships  of  the  Fleet  have  need,  therefore,  for 
aircraft  to  carry  the  fire  control  officer  or  spotter  aloft. 

The  aircraft  so  far  discussed  are  primarily  concerned  with 
air  fighting  and  observation.     There  remains  the  offensive  func- 
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tioii  which  is  the  primary  objective — to  destroy  the  enemy  fleet. 
Aircraft  can  now  carry  bombs  powerful  enough  to  damage  a  battle- 
ship or  a  regulation  torpedo  sutticient  to  sink  her.  Torpedo  attack 
from  the  air  cannot  be  stopped  by  the  usually  effective  screen 
of  destroyers  and  light  cruisers.  In  fog  or  at  night  the  great 
speed  of  torpedo-carrying  airplanes  adds  so  much  to  the  element 
of  surprise  that  the  chances  greatly  favor  the  attack.     Further- 

FlG.    I. 


Ship's  fighting  plane  flying  off  turret  platform.     (U.  S.  Navy.) 

more,  booms,  nets  and  chains  across  a  harbor  mouth  will  no  longer 
render  the  anchorage  immune  from  attack.  The  torpedo  plane 
during  the  War  was  not  developed  to  full  effectiveness  by  either 
side,  but  in  any  future  war  we  may  expect  it  to  play  an  im- 
portant part. 

To  recapitulate,  there  are  five  essentially  distinct   functions 
for  aircraft  with  the  Fleet: 

1.  Long-range  scouting.    - 

2.  Short-range  scouting. 
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3.  Fighting  in  the  air. 

4.  Spotting  or  control  of  gunfire. 

5.  Bomb  and  torpedo  attack. 

The  Shore  EstabHshment  divided  into  Xaval  Districts  has, 
Hkewise,  uses  for  aircraft  in  connection  with  the  control  of 
coastal  waters.     The  first  and  most  important  is  searching  for 

Fig.  2. 


Ship's  fighting  plane  after  a  water  "landing."     \ote  inflated  air  bags.    (U.  S.  Navy.) 

hostile  raiders,  submarines,  mine-layers,  etc..  which  duty  may 
be  termed  "  Coast  Patrol." 

In  connection  with  coast  i)atr()l  it  may  l>ecome  necessary  to 
convoy  .shipping  into  and  out  of  ports  and  through  dangerous 
waters.  For  this  purpose  aircraft  are  essential,  not  alone  of 
course,  but  c()(")perating  with  an  escorting  force  of  destroyers. 

In  addition  to  the  applications  of  aircraft  mentioned  so  far, 
we  have  very  necessary  aircraft  work  recpiircd  in  connection  with 
Advanced  Base  and  l^xpeditionary  lM)rces.  Such  Ivxpeditionary 
Forces  may  usually  be  suppo.sed  to  operate  without  opposition 


June.  u>Jo.] 


U.  S.   Mavai.  Aikcuaft. 


719 


from  a  highly  developed  air  force,  hut  such  a  favorahle  coudition 
caunot  1k"  iiuarauteed.  The  Marines,  therefore,  have  to  be  pro- 
vided with  the  latest  thing-  in  military  airplanes.  Such  types  are 
similar  in    function   and  hence  in  design  to  those  used   by  an 

Fig.  3. 


II.  M.  S.  Ar^ui,  airplane  canier.     (British  Navy.) 

army,  and  I  shall  not  take  time  to  discuss  them  as  Naval  Aircraft. 
In  the  foregoing,  I  have  briefly  classified  aircraft  functions 
as  based  on  the  functions  of  the  Navy.     In  considering  how^  air- 
craft can  fulfill  these  functions  we  are  immediately  confronted 
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with  the  necessity  for  deciding^  whether  we  require  "  heavier- 
than-air  "  or  "  h'ghter-than-air  "  types. 

Under  "  heavier-than-air  "  we  include  all  airplanes  and  sea- 
planes which  are  supported  by  their  own  wings.  By  "  lighter- 
than-air  "  we  designate  balloons  and  airships  or  dirigibles.  Kites 
and  parachutes  are  not  classified  as  aircraft. 

Among  "heavier-than-air"  craft,  we  have:  First,  airplanes 
with  wheels  of  the  ordinary  type;  second,  seaplanes  with  floats  or 
pontoons  to  fit  them  to  start  from  and  alight  on  the  water ;  and 

Fig.  4. 


Ship's  spotting  plane.     (U.  S.  Xavy.) 

third,  flying  boats,  being  a  true  boat  fitted  with  wings.  These 
types  may  be  somewhat  mixed  in  special  designs  as,  for  example, 
a  seaplane  provided  with  wheels  as  well  as  floats  to  make  it 
amphibious,  or  an  airplane  fitted  with  hydro-vanes  and  air-bags 
to  permit  emergency  alighting  on  the  water. 

"  Lighter-than-air "  craft  consist  of  the  ordinary  free  bal- 
loons, or  "  sphericals,"  kite  balloons  of  elongated  form  which 
are  towed  by  a  cable,  non-rigid  airships  (or  dirigibles)  obtain- 
ing lift  from  a  gas-bag  under  pressure,  and  rigid  airships  such 
as  the  Zeppelin  with  a  rigid  hull  strnctm-c  fitted  with  a  multi- 
plicity of  gas-bags. 
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In  the  present  state  of  the  art  Ave  may  choose  one  type  or 
the  other  for  a  certain  naval  function,  depending  on  clearly  evi- 
dent practical  considerations,  but  for  others,  it  is  not  clear  whether 
Ave  should  favor  an  airship  or  a  large  seaplane.  The  final  decision 
can  only  be  made  after  experience  with  each,  but  by  that  time 
progress  in  the  art  may  require  a  reversal  of  the  conclusions 
reached.  It  is  wise,  therefore,  to  provide  both  and  allow  the 
stimulation  of  competition  to  develop  the  possibilities  of  each. 

Let  us  now  look  at  the  types  of  aircraft  already  in  use,  and 

Fig.  ;. 


Ship's  spotting  plane.     Same  machine  as  Fig.  4,  fitted  with  floats.     (U.  S.  Navy.) 

consider  what  is  the  state  of  the  art,  the  requirements  of  the  ser- 
vice, and  the  possibilities  for  meeting  them  in  the  immediate  future. 
For  long-distance  scouting  at  sea,  it  is  primarily  a  question 
of  the  greatest  endurance  and  radius  of  action.  There  is  no  air- 
craft which  approaches  the  rigid  airship  in  these  characteristics. 
The  present-day  German  and  British  rigids  of  2,000,000  cubic 
feet  volume  have  a  maximum  radius  of  action  of  over  3000 
miles  and  can  stay  out  about  five  days.  The  best  that  has  been 
done  to  date  with  a  flying  boat  is  about  1500  miles.  While  the 
radius  seems  to  be  half  that  of  the  air.ship,  the  comparison  is 
less  favorable  when  it  is  considered  that  the  flying  boat  cannot 
keep  in  the  air  quite  a  day.     On  the  other  hand,  the  airship  can 
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drift  about  while  waiting  or- observing  without  consumption  of 
fuel ;  the  crew  are  comfortable  and  probably  will  do  better  work; 
radio  is  more  powerful  and  communication  with  the  Fleet 
more  certain. 

The  rigid  airship,  according  to  Admiral  Jellicoe,  is  worth 
two  light  cruisers  for  scouting  in  favorable  weather.  The  last 
words  must  be  pondered,  for  "  favorable  weather  "  is  a  relative 
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'J"orpedo  plane  at  inttanl  of  launchint;  turpcda.     tBritish  Navy.) 

term.  ^(^^^  is  no  doubt  most  unfavoralile  weather  for  a  seaman, 
but  for  an  airship  at  sea  low  fog  may  give  it  a  distinct  advantage 
in  scouting.  The  airship  will,  however,  have  to  cope  with  storms 
and  heavy  rain  and  snow.  Duo  to  her  great  endurance  and  the 
usually  local  character  of  really  violent  nieteorological  disturb- 
ances, the  airship  can  be  expected  to  avoid  getting  into  trouble. 
Naturally,  we  must  assume  ade(piate  weather  reports  by  radio 
from  the  ships  cooperating  with  her.  liowever,  the  necessity 
to  avoid  storm  centres  will  put  a  stop  to  any  scouting  for  the 
time  being.    A  flying  boat  is  relatively  unaffected  by  storms  while 
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in  the  air.  hut  she  cannot  ahght  on  the  water  under  such  con- 
ditions. With  present  power  plants  such  a  possil)iHty  nuist  always 
be  kept  in  view. 

The  latest  German  rigid  airships  have  a  maximum  speed  of 
about  70  land  miles  per  hour  and  the  NC-4  flying  boat  has  a 
top  speed  of  about  90  miles  per  hour.     To  cope  with  gales  of 

general  extent  the  airship   is  clearly  at  a  disadvantage.     It  is 

• 

Fig.  7. 


Coast  patrol  and  convoy  type.    Flying  boat  F-s  at  start.     (U.S.  Navy.) 

probable  that,  following  the  present  trend  of  design,  the  airship 
speed  will  not  l)e  pushed  nmch.  if  any,  above  80  miles,  while  a 
speed  of  115  miles  for  the  flying  boat  is  already  in  view.  It 
seems  evident  that  the  relative  utility  of  the  airship  and  flying 
boat  depends  upon  weather  conditions.  For  scouting  over  the 
North  Atlantic  in  seasons  of  high  winds,  the  flying  boat  may  be 
the  more  suitable. 

I  have  not  here  considered  large  land  type  airplanes  which, 
while  comparable  with  large  flying  boats  in  speed  and  endurance 
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in  the  air,  are  unfit  to  send  out  to  sea,  as  they  cannot  land  to  refuel 
or  make  repairs,  but  must  make  non-stop  flights  from  land  to  land. 
The  scouting  requirements  of  the  Fleet  are  unlikely  to  be  always 
in  waters  conveniently  near  the  aerodrome.  The  flying  boat  will 
have  to  be  based  on  shore  for  hauling  out  and  overhaul,  but  nor- 
mally she  will  follow  the  fleet,  being  supplied  with  fuel  from  a 
supply  ship,  except  in  rough  weather,  when  she  will  take  refuge  in 

Fig.  8. 


Coast  patrol  and  convoy  type.     Flying  boat  F-s  at  anchor.     (U.  S.  Navy.) 

the  nearest  sheltered  water  like  any  small  craft.  There  is  no 
need  for  an  expensive  and  elaborate  chain  of  landing  fields,  as  all 
the  bays  and  rivers  of  the  world  are  "  landing  "  spots  more  level 
than  the  most  perfect  field  on  shore. 

The  rigid  airship,  like  the  airjjlane,  nmst  start  from  and 
return  to  a  land  base,  but  her  five-day  endurance  minimizes  this 
restriction.  There  must  be,  however,  airship  bases  located  at  all 
strategic  points  near  which  the  Fleet  is  likely  to  operate. 

The  cost  is  interesting    for  comparison.     The  rigid  airship 
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of  the  greatest  size  yet  constructed  costs  about  twenty  times  as 
much  as  the  NC-4,  the  largest  flying  boat  yet  built.  The  shed 
to  house  her  also  costs  about  twenty  times  as  much  as  housing  on 
shore  for  XC-4.  Considering  cost  alone,  we  should  hope  the 
airship  were  as  useful  as  twenty  flying  boats.  Under  some  con- 
ditions this  may  be  the  case.  Any  number  of  flying  boats  bringing 
in  negative  reports  is  worthless  compared  with  continuous  positive 

Fig.  9. 


Flying  boat  XC-4,  'ong  range  scouting  type.     (U.  S.  Xavy.) 

and   definite  information   from   an   airship   keeping  the   enemy 
under  constant  surveillance. 

It  must  not  be  forgotten  that  the  rigid  airship  of  the  present 
day  is  very  vulnerable  to  attack  from  airplanes,  as  has  been 
demonstrated  over  London  to  the  entire  satisfaction  of  the  Ger- 
mans. The  German  bombing  raids  over  London  were  entirely 
unjustifiable,  either  on  grounds  of  ordinary  decency  or  from 
tactical  considerations.  The  legitimate  function  of  the  Zeppelin 
was  scouting  over  the  Xorth  Sea  where  most  valuable  work  was 
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done.  Indeed,  on  more  than  one  occasion,  the  Zeppehn  scouts 
permitted  the  German  High  Seas  Fleet  to  avoid  action  and  certain 
defeat  by  the  British  Grand  Fleet. 

It  is  hoped  that  at  some  future  day  helium  may  become 
cheap  enough  to  be  used  in  place  of  hydrogen.  Until  that  time 
comes,  rigid  airships  must  avoid  coming  within  the  range  of 
enemy  ships  or  aircraft.  At  sea,  with  its  immense  distances  this 
is  quite  possible  to  accomplish.  There  is  no  need  to  come  within 
range  of  a  ship's  guns  in  order  to  observe  its  movements  and, 
in  general,  airplanes  can  l)e  avoided  by  rising  into  the  clouds. 

Fig.  10. 


Zeppelin  L-6.4.     (lierman  Navy.) 

The  airship,  at  high  altitudes,  can  rise  faster  than  an  airplane  as 
the  latter  climbs  by  engine  power,  which  is  becoming  weak,  while 
the  former  climbs  by  dumping  ballast,  which  is  always  effective. 
Furthermore,  at  high  altitudes,  the  airship  suffers  no  loss  in 
speed  while  the  airplane,  no  matter  how  fast  at  sea  level,  loses 
si)ecd  rapidly  with  altitude.  During  the  chase  of  an  airship,  it 
is  also  to  be  remembered  that  the  airplane  may  come  under  the 
fire  of  .several  guns  of  the  airship.  On  the  whole,  the  airship 
should  Ije  able  to  keep  clear  of  hostile  aircraft. 

The  present  state  of  the  art  indicates  the  rigid  airshij)  and 
the  large  Hying  lK)at  as  rivals  as  .scouts  for  the  h'leet.     The  rigid 
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airship  in  its  latest  development  is  represented  by  the  Zeppelin 
and  the  flying-  lK>at  by  the  NC-4  type  of  our  own  Navy.  Is  it 
likelv  that  the  possibilities  of  the  immediate  future!  indicate 
any  important  change  in  the  relative  merits  of  the;  two  types? 

Curiously  enough,  it  has  been  proposed  to  build  a  rigid  airship 
twice  the  size  of  the  present-day  Zeppelins  and  at  the  same  time 
the  flying  boat  adherents  have  proposed   to  double  the  NC-4. 

Fic.  II. 


Non-iigid  aiiship  C-i.     (U.  S.  Navy.) 

Such  an  increase  in  size  at  one  step  appears  to  be  the  maximum 
it  is  safe  to  attempt  and  it  will  probably  take  the  next  few  years 
to  see  light  ahead.  From  a  preliminary  analysis,  however,  it 
appears  that  increase  in  size  is  more  favorable  to  the  airship  than 
to  the  flying  l3oat,  and  as  we  build  larger  and  larger  airships  the 
flying  boat  is  left  farther  behind. 

I  shall  not  burden  this  paper  with  the  detailed  analysis,  but 
fundamentally  the  difi^erence  results  from  the  fact  that  for  the 
airship  the  buoyancy  of  the  hull  is  increased  as  the  cube  of  a  linear 
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dimension,  while  for  flying  boat  wings  the  hft  remains  the  same 
per  square  foot  or  increases  as  the  square  only.  As  airships  are 
made  larger  the  margin  of  the  total  lift  available  to  carry  fuel 
and  stores  is  increasing,  and  an  endurance  of  seven  or  eight  thou- 
sand miles  is  not  difficult  to  reach  with  an   airship  of  about 


Fig.  12. 


Kite  balloon.      (U.  S.  Xavy.) 

4,000,000  cubic  feet.     In  other  words,  by  doubling  the  size  of  the 
airship  the  endurance  may  be  doubled. 

On  the  other  hand,  the  flying  boat,  if  doubled  in  size,  will,  be 
likely  to  add  but  25  or  50  per  cent,  to  its  endurance.  The  large 
flying  lx)at  has  a  decreasing  margin  of  lift  available  for  fuel  and 
stores  and  an  increase  in  size  is  uneconomical  unless  the  greater 
size  permits  use  of  better  structural  arrangements,  or  1)etter  struc- 
tural material  to  such  an  extent  as  to  overcome  the  unfavorable 
factors  which  are  inherent  in  the  problem.  The  effort  of  the 
designer  will  be  to  provide  the  larger  flying  boat  with  no  worse 
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a  ratio  between  useful  load  and  total  weight  than  we  have 
to-day  on  the  NC-4. 

The  principal  advantage  of  the  large  airship  as  compared 
with  the  large  flying  boat  is  derived  from  more  economical  pro- 
pulsion. The  resistance  to  propulsion  of  an  airship  is  largely 
due  to  the  hull  or  envelope  and  it  is  known  from  wind  tunnel 
experiment  and  confirmed  by  experience  that  this  resistance  is 
represented  by  an  expression  of  the  form: 

n/2      n 
R   =  KS        V 

where  //  lies  between  1.86  and  2,  and  near  1.9.  To  simplify  the 
arginnent.  let  us  take  n  =  2,  on  the  safe  side.  Then  R  =  KSV,^ 
where  6"  is  the  "  wetted  surface  "  or  surface  exposed  to  air  fric- 
tion, r'  the  velocity  and  K  a  coefficient  depending  on  form.  The 
resistance  thus  varies  as  the  square  of  a  linear  dimension  and 
the  square  of  the  speed.     The  necessary  power  of  the  engine  is : 

P  r^  KU-V^ 

But  the  lift  depends  on  the  total  volume  which  varies  as  U  and 
hence  the  tons  of  weight  per  horse-power  vary  as : 

Lift  U  L 


Power        KLW        KV 

For  larger  ships  this  ratio  becomes  more  favorable.  Since  the 
proportion  of  the  total  lift  available  to  carry  fuel  is  known  to  be 
more  favorable  in  such  large  ships  as  have  been  built,  it  is  on  the 
safe  side  to  consider  such  proportion  constant  for  purposes  of 
argument.  The  weight  of  fuel  then  varies  as  the  total  lift  or 
as  L^.  The  endurance  in  hours  is  the  quotient  of  fuel  available 
and  fuel  consumed  per  hour.  This  quotient  is  proportional  to  the 
ratio  given  above,  or  to  tons  per  horse-power : 

L 

The  larger  ship  will  go  farther  at  the  same  speed  in  a  manner 
at  least  directly  proportional  to  the  length. 

As  a  matter  of  fact,  experience  has  shown  that  the  larger 
ships  actually  have  a  greater  fraction  of  the  total  lift  available 
for  fuel.  Nor  is  the  resistance  so  high  as  assumed.  Therefore, 
the  increased  endurance  of  larger  airships  is  even  greater  than 
would  be  predicted  from  this  simple  analysis. 
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The  following  table  of  German  Zeppelins,  illustrates  a  pro- 
gressive improvement  with  size,  but  it  cannot  be  expected  that 
such  improvement  will  be  continued  indefinitely  at  the  same  rate, 
for  we  should  eventually  reach  a  ship  such  that  the  empty  weight 
was  practically  nothing.  The  rather  abnormal  improvement 
shown  is  due  to  the  fact  that  the  early  ships  were  the  small  ones 
and  their  design  was  rather  crude  and  heavy.  The  larger  ships 
are  late  designs  of  great  refinement.  However,  the  improvement 
is  significant : 


Type 


L-i 

L-2 

L-3-9  inc 

L-31-38  inc..  .  , 
L-30.  40.  43.  45 

and  47 

L-44,  L-46 .... 

L-48-.S2  inc 

L-s.3-64  inc 

L-70 

L-71 

Bodensee 

R-38  (British)  . 


Date 


1912 

1913 

1915-16 

1916-17 

1917-18 

1917 
1917-18 
1917-18 
1918 
1918 
1919 
1921 


Volume 

cubic 

feet,  100 

per  cent. 

full 


793.000 

918,000 

919,000 

1. 945. 000 

1,945.000 
1.945.000 
1.945.000 
1,974.000 
2,200,000 
2,420,000 
706,300 
2,724,000 


517 
525 
525 
643 

643 

643 

643 

643 

693 

743.1 

393-7 

694.4 


48.S 
54.0 
54-0 
78.7 

78.7 
78.7 
78.7 
78.7 
78.7 
78.7 
61.3 
86 


Lift 


O 


22.8 
26.4 
26.4 
S6 

56 

S6 

56 

57 

63.4 

70 

20.3 

78.6 


26 

28.6 

29-5 

30 

29 

35-7 

42 

7.3 
45. 9 


Gross 
per 


27.6 
4f>.5 

SI 
53 
54 
SI 
S6 
60 
36 
58.4 


540 
800 
800 
1440 

1440 
1200 
1200 
1500 

2100 
1800 
1040 
1950 


■S'3'^ 


47 
49 
49 
60 

60 

62 

62 

68 

80 

74 

80.7 

70 


Endurance 


TE 


3200 

3300 
4200 
4652 
3950 
3900 
4800 
1550 
Sioo 


5050 

5200 
6700 
7350 
6300 
6300 
7600 

2500 
8100 


The  fiying  boat  cannot  be  studied  in  exactly  the  same  manner 
as  the  total  lift  is  given,  not  by  the  volume  of  gas,  but  by  the 
wings.  The  lift  of  an  aeroplane  wing  is  represented  by  an 
expression  of  the  form: 

Lift  =  KSV'fii) 

where  S  is  the  area,  V  the  velocity.  A'  a  coefiicient  depending  on 
the  form  of  the  wing  and  f{i)  a  function  of  the  angle  of  attack, 
i  of  the  wind  on  the  lower  side  of  the  wing.  It  is  an  experimental 
fact,  so  far  without  ade(|uate  explanation,  that  an  aeroplane  wing 
is  useful  only  between  angles  of  o  and  14  degrees  about.  Near 
14  degrees,  there  is  a  change  in  the  nature  of  the  flow  over  the 
wing  and  violent  turbulence  is  set  up.  For  an  angle  greater 
than  this  critical  angle  the  lift  is  no  greater,  and  may  even  be 
less,  while  the  resistance  or  drag  becomes  relatively  enormous. 
Consequently,  the  aeroplane  gets  its  practical  maximum  of  lift  at 
al>3Ut  14'',  and  for  a  given  weight  to  be  carried  can  fly  slowest 
at  this  altitude.     Since  the  plane  must  get  up  to  this  speed  by  a 
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run  on  the  ground  or  over  the  surface  of  the  water,  before  she 
will  take  the  air,  this  liniiting  si)eed  is  the  speed  of  starting-  and 
must  he  kept  within  practical  limits. 

For  airplanes  of  the  land  type  the  starting  speed  is  between 
45  and  55  miles  per  hour.  If  anyone  has  ever  attempted  to 
drive  an  automobile  over  a  pasture  or  meadow  at  such  speed, 
he  will  have  an  idea  of  the  risk  and  danger  of  getting  into  the 
air  with  a  large  airplane. 

The  conditions  for  a  seaplane  are  somewhat  more  favorable 
because  the  water  is  more  nearly  level  than  the  average  pasture. 
With  modern  boat  hulls  (like  the  NC-4)  a  get-away  speed  of 
over  60  miles  per  hour  is  quite  permissible  even  in  rough  water. 
The  seaplane  or  flying  boat  can.  therefore,  carry  into  the  air 
a  greater  weight  for  a  given  wing  area  simply  because  the  speed 
can  l)e  permitted  to  go  up. 

In  general,  however,  the  starting  and  landing  speeds,  of  all 
heavier-than-air  craft  are  restricted  by  practical  considerations 
and  for  this  reason  we  may  assume  that  the  minimum  velocity 
in  the  expression.  h\it  =  KSV^f{i)  a  maximum,  remains  sub- 
stantially constant. 

If  we  build  larger  flying  boats,  the  ratio  g  ^^  '^  ,  therefore, 
remains  constant.  The  wing  area  must  increase  directly  as  the 
total  weight  of  the  machine. 

The  weight  of  larger  wings  carrj'ing  the  same  unit  load  of, 
say.  9  or  10  lbs.  per  sq.  ft.,  naturally  tends  to  increase  faster  than 
the  area  of  such  wings.  The  larger  wings  have  a  greater  spread 
and  are  more  difificult  to  brace  and  keep  stiff  and  strong. 

The  carrying  capacity  of  a  wing  increases  with  the  square  of 
a  linear  dimension,  but  the  structural  meml^ers  of  which  it  is 
composed  vary,  some  as  L^,  some  as  L'*,  and  some  even  as  L'^. 
The  simple  geometrical  expansion  of  a  small  wing  to  make  a  large 
one  would  be  bad  engineering. 

Fortunately,  one  need  not  be  discouraged  by  such  theoretical 
considerations  as  we  have  learned  from  past  experience  that,  by 
the  introduction  of  new  and  better  structural  materials  and  ar- 
rangements in  larger  wings,  the  weight  can  be  kept  down  nearly  to 
direct  proportionality.  That  is:  the  weight  of  large  wings  per 
unit  area  is  the  same  as  for  small  ones  carrying  the  same  unit  load. 

This  result,  quite  at  variance  with  the  theoretical  deductions 
of  several  learned  writers,  is  illustrated  by  the  following  table : 
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Name  of  machine 


W 
(Gross 
weight) 


(Wing  area) 


W 
A 


Weight  of 
wings  per 
square  foot 
(.including 
struts  and 
wires) 


R-6 .  .  . 
HS-i-L 
HS-2-L 
H-I6.  . 
Caproni 
F-5-L. 
F-3.... 
F-6-L. 
NC-2 . . 
NC-4.  . 
Tarrant 


3.964 
5.902 

6,373 
10,900 
12,810 
13,000 
13.400 

13.514 
22,600 
28,000 
44,862 


613 
653 
803 
1,164 
1,420 
1.397 
1.425 
1,397 
2,441 
2,441 
4,950 


6.4 
9.0 

7-9 

936 

9.02 

9-3 
9-4 
9-7 
9-3 
II-5 
9.06 


132 
1.78 
1.69 
1.76 

115 
1. 81 
1.70 
1-55 
1-59 
1-59 
1-93 


The  variations  in  the  weight  of  wing  structure  per  square  foot 
of  area  are  no  more  than  would  be  expected  from  the  different 
designers  of  these  widely  differing  machines.  A  point  of  interest 
not  brought  out  in  the  table  is  that  the  structural  factor  of  safety 
has  fallen  from  6  in  the  HS  type  to  3  in  the  NC  type.  This 
sacrifice  is  necessary  in  order  to  avoid  weight.  It  is  also  justified 
in  view  of  the  fact  that  the  very  large  machines  are  not  called 
on  to  perform  acrobatic  movements  in  the  air. 

After  the  wings,  the  next  principal  weight  group  to  consider 
is  the  hull.  The  hull  of  a  flying  boat  is  designed  to  float  the 
machine  on  the  water  with  sufficient  reserve  buoyancy  to  give 
stability  and  seaworthiness  in  a  seaway.  In  addition,  the  hull  must 
afford  hydroplaning  surface  enough  to  permit  high  speed  over  the 
water  at  the  "  take-off."  Experiments  in  the  towing  tank,  con- 
firmed by  practical  experience,  show  that  all  the  requirements  for 
a  flying  boat  hull  are  met  if  the  volume  of  the  hull  is  kept  directly 
proportional  to  the  total  weight  of  the  machine.  That  is  to  say, 
the  lines  of  a  large  hull  may  be  expanded  from  the  lines  of  a  small 
one  with  a  scale  ratio  equal  to  the  cul)e  root  of  the  displacement. 
The  structural  weights  of  such  hulls  will  be  almost  directly  as 
their  displacements,  or  as  U,  where  L  is  any  linear  dimension. 
There  is,  therefore,  little  relative  gain  in  hull  weight  in 
the  larger  boats. 

An  analysis  of  the  weights  of  a  numlvor  of  large  land  machines 
indicates  that  the  weight  of  fuselage  and  landing  gear  is  about 
the  same  as  the  weight  of  the  equivalent  flying  boat  hull  which 
combines  the  two  functions. 
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The  power  plant  weight  depends  of  course  on  the  speed 
required.  \>ry  fast  fighting  planes  may  have  abnormally  big 
engines  which  will  account  for  an  abnormally  large  proportion 
of  the  total  weight  lifted.  Eliminating  these,  as  well  as  abnor- 
mally slow-training  machines,  we  have  the  following  table  from 
which  it  seems  clear  that  the  pe^centage  power  plant  is  inde- 
pendent of  size : 


Name  of  machine 


W 

(.Gross 
weight) 


H.  P. 

w 

w 

(Total 

(Power 

W 

power) 

plant 
weight) 

H.  P. 

vper  cent.) 

200 

1. 159 

19.8 

29.2 

360 

1,566 

16.4 

26.5 

360 

1,600 

17.7 

251 

720 

2,831 

151 

26.0 

1,080 

4,400 

II.8 

34-5 

720 

2,876 

18.1 

22.8 

700 

2,939 

19.1 

21.9 

720 

2,893 

18.8 

21.4 

1,080 

5.674 

20.9 

251 

1,600 

7,448 

17-5 

26.6 

3,000 

9,217 

15.0 

20.6 

ri.  P. 


R-6. . . . 

HS-i-L 

HS-2-L 

H-16.. 

Caproni 

F-5-L.. 

F-3.... 

F-6-L. 

.\C-2.  . 

XC-4.  . 

Tarrant 


3.964 
5,902 

6,373 
10,900 
12,810 
13,000 
13,400 

13,514 
22,600 
28,000 
44,862 


5-77 
4-33 
4.41 

392 

4.07 

3-98 

4.2 

4.01 

5-24 

465 

3-07 


Excepting  the  Caproni,  which  is  obviously  over-engined,  the 
table  shows  that  the  power  plant  for  general  utility  machines  of 
long  endurance  amounts  to  about  25  per  cent,  of  the  total  weight 
and  the  power  plant  itself  weighs  about  4  pounds  per  horse-power. 
This  includes  the  complete  power  plant  with  all  accessories,  pip- 
ing, and  auxiliaries. 

The  figure  for  the  ratio,  total  weight  lifted  per  horse-power, 
is  about  18  for  long-distance  flying  boats,  and  while  it  may  vary 
between  15  and  20  in  different  designs,  such  variation  is  independ- 
ent of  size.  We  may  safely  conclude  from  this  survey  of  past 
experience   (as  well  as  from  an  analysis  based  on  dimensional 

theory  which  I  shall  not  attempt  here)  that  the  ratio  -b~"  is  sub- 
stantially constant  for  large  flying  boats. 

Since  the  weight  of  the  power  plant  increases  as  the  gross 
weight  of  the  planes,  and  we  have  seen  above  that  the  weight  of 
boat  hull  and  wings  increase  at  least  as  rapidly,  the  empty  weight 
of  the  complete  plane  should  also  increase  as  rapidly  as  the  gross 
weight  lifted.  The  difference  l>etween  weight  empty  and  gross 
weight  is  the  useful  load  available  for  crew,  fuel,  cargo,  etc.  The 
useful  load  should  be,  therefore,  a  constant  fraction  of  the  gross 
weight.    The  following  table  l>ears  out  this  statement : 
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Name  of  machine 


W 
(Gross  weight) 


V 
(Useful  load) 


V 

W 

(Per  cent.) 


R-6.  .  . 
HS-i-L 
HS-2-L 
H-16. . 

Caproni . 
F-5-L.. 

F-3 

F-6-L.. 
NC-2.. 

NC-4. . 
Tarrant 


3.964 
5,902 

6,373 
10,900 
12,810 
13,000 
13,400 
13,514 
22,600 
28,000 
44,862 


844 
1,832 
2,113 
3,500 
5,110 
4,750 
5,479 
5,755 
8,900 
12,000 
18,745 


22.3 
311 
33- 1 
32.1 
39-8 

364 
40.9 
42.6 

39-4 
42.8 
41.8 


In  this  comparison,  I  have  not  labored  the  point  as  to  whether 
a  large  seaplane  or  a  large  landplane  is  more  advantageous. 
Without  burdening  the  paper  with  further  tables,  I  can  state  that 
there  is  essentially  no  difference  between  them.  The  large  land- 
plane  can  be  made  somewhat  lighter  structurally  than  the  flying 
boat,  but  due  to  the  necessity  for  providing  a  slower  landing  speed 
the  wings  must  be  larger  and,  hence,  heavier.  The  net  result  is 
practically  to  make  the  types  equivalent  in  large  sizes. 

To  revert  to  the  comparison  with  airships,  we  have  the  flying 
boat's  power  proportional  to  total  weight  or  to  U'  and,  likewise, 
the  useful  load  or  margin  available  to  carry  fuel.  Consequently, 
the  endurance  which  is  the  quotient  of  these  quantities  is  independ- 
ent of  size  and  remains  constant  so  far  as  the  effect  of  size  alone 
is  concerned.  Practically,  the  larger  flying  boats  do,  however, 
have  a  somewhat  greater  endurance,  but  this  is  not  due  to  size  but 
to  greater  refinement  in  design.  With  very  large  boats  it  is  pos- 
sible to  increase  slightly  the  efficiency  of  propulsion  by  using 
geared-down  propellers  of  large  diameter  and  by  more  careful 
reduction  of  resistance  to  propulsion.  Also  the  weight  of  crew 
and  navigational  equipment  in  a  large  boat  is  a  smaller  proportion 
of  the  total  lift.  All  economies  taken  together  may  give  an  in- 
crease of  some  30  per  cent,  in  endurance.  No  further  substantial 
increase  can  be  expected  without  material  improvement  in  weight 
and  economy  of  engines.  Naturally,  such  improvements  are  ex- 
pected but  cannot  be  counted  on  to-clay  in  a  design  to  be  built 
to-morrow.    Mere  size  is  not  itself  going  to  give  great  endurance. 

On  the  other  hand,  we  saw  how  the  endurance  of  the  airship 
increased  at  least  as  rapidly  as  the  length.  To  get  greater  endur- 
ance we  need  only  build  larger  and,  keei)ing  the  speed  constant. 
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we  get  automatically  relatively  enormous  increases  in  endurance. 

We  can  conclude  from  all  this  that  for  Fleet  Scouting  at  sea 
where  long  distances  are  covered,  the  rigid  airship  will  Ixi  the  only 
suitable  type  of  aircraft.  Where  the  distances  to  be  covered  are 
not  too  great,  where  the  winds  are  high,  and  where  hostile  air- 
craft are  numerous  and  efficient,  the  rigid  airship  yields  first 
choice  to  the  large  flying  boat  of  the  "  Giant  "  type,  to  use  the 
word  applied  by  the  Germans,  to  their  1918  machines. 

For  daylight  patrols  over  coastal  waters  a  large  flying  boat 
is  more  useful  than  an  airship  Ijecause  a  greater  area  can  be 
searched  in  given  time  and  l>ecause  less  affected  by  weather.  How- 
ever, it  is  often  cheaper  to  use  a  large  number  of  moderate  size 
flying  boats  for  short  patrols. 

For  convoy  work,  the  flying  boat  is  altogether  too  fast  and  of 
too  short  endurance.  To  keep  in  company  with  a  convoy  of 
vessels  proceeding  at  10  or  12  knots,  the  airship  is  most  suitable 
and  for  this  duty  a  large  numl3er  of  the  cheaper  non-rigid  airships 
is  more  economical  to  employ  than  the  more  costly  rigids.  The 
latter  should  be  reserved  for  Fleet  Scouting. 

The  ship's  fighting  plane  must  be  carried  aboard  ship  and 
hence  is  as  small  and  compact  as  possible.  It  is  mounted  on  a 
platform  over  a  turret  and  when  the  ship  steams  into  the  wind, 
the  plane  flies  off  in  a  run  of  some  40  feet.  To  be  sure  of  getting 
off,  the  plane  must  be  light  with  relatively  large  wings.  The 
Army  fighting  planes  are  not  at  all  suitable  for  this  work,  because 
they  require  a  long  run  to  get  into  the  air.  Furthermore,  the  Navy- 
ship's  fighting  plane  may  have  to  land  in  the  water  in  case  of 
engine  failure.  To  permit  this,  the  planes  are  fitted  with  emer- 
gency flotation  gear  consisting  of  vanes,  to  keep  the  plane  from 
somersaulting,  and  air-bags  inflated  from  a  bottle  of  compressed 
air  carried  in  the  plane.  Normally,  the  air-bags  are  tightly  rolled 
up.  The  air-bags  and  vanes  are  provided  instead  of  regular  pon- 
toons to  save  weight.  The  fighting  plane  cannot  return  to  her 
parent  ship  directly,  but  must  land  on  the  deck  of  a  special  flush 
deckship  called  a  "  Carrier." 

The  ship's  spotting  plane  is  similar  to  the  fighter,  except  that  it 
is  a  two-seater  of  less  speed  and  greater  endurance.  It  is  to  some 
extent  a  general  utility  machine,  and  provided  with  guns  to  fight 
off  hostile  aircraft.  The  spotting  plane  may  be  either  a  iana 
machine  with  air-bags  or  a  seaplane. 
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The  torpedo  and  bombing  plane  is  a  larger  machine  equipped 
to  carry  heavy  bombs  or  a  torpedo.  It  will  be  launched  from  the 
carrier.  The  development  of  the  torpedo  plane  and  the  tactics 
involved  in  its  employment,  I  am  not  permitted  to  discuss  in 
detail.    It  is,  however,  a  very  important  type  and  peculiarly  Naval. 

I  have  not  yet  mentioned  the  Kite  Balloon,  which  while  less 
interesting  technically,  is  of  great  importance  to  the  Navy.  The 
Kite  Balloon  is  towed  from  a  ship  at  an  elevation  of  about  1000 
feet.  At  such  elevation,  a  spotter  can  control  the  fire  of  the  ship's 
guns  unless  an  enemy  smoke  screen  interferes.  In  that  case,  the 
planes  must  be  depended  upon.  One  may  ask,  why  not  depend 
on  planes  all  the  time  ?  The  answer  is :  communications.  The 
communications  between  a  plane  aloft  and  the  firing  ship  are 
by  means  of  radio  or  some  visual  signal.  At  best  such  signals 
are  difficult  to  keep  clear  and  when  there  are  many  ships  firing 
and  many  planes  aloft,  the  chances  for  confusion  and  interference 
are  very  fair.  The  Kite  Balloon  observer  has  a  telephone  directly 
to  his  ship,  giving  him  freedom  from  interruption  and  interference. 

I  have  gone  into  the  realm  of  prophecy  a  bit  in  connection 
with  the  problem  of  the  rigid  airship  z's.  the  large  flying  boat, 
because  this  is  a  real  problem  now  under  discussion.  A  decision 
cannot  be  reached  from  a  consideration  of  the  two-  types  as  th^y 
exist  to-day,  as  each  is  certain  of  further  development.  So  far 
as  such  development  can  be  forecast,  the  advantage  appears  to 
lie  with  the  rigid  airship. 

The  other  Naval  types  mentioned  involve  no  such  fundamental 
difficulty  as  a  selection  of  the  type  best  worth  developing.  The 
ship's  fighting  and  spotting  planes  are  adaptations  of  planes 
brought  out  during  the  War.  The  medium-sized  plane  for  coast 
patrol  is  fairly  satisfactory  as  it  exists  at  present.  It  was  per- 
fected during  the  War  for  antisubmarine  work. 

Similarly,  the  non-rigid  airship  for  convoy  duty  is  well 
developed,  both  in  the  United  States  and  abroad,  and  no  important 
changes  in  type  are  anticipated. 

In  general,  the  line  to  be  followed  in  the  design  of  Naval 
Aircraft  is  fairly  clear.  As  the  special  types  needed  to  meet  Naval 
requirements  become  more  highly  specialized,  their  difference 
from  the  aircraft  used  l)y  an  /\rmy  will  become  more  marked. 
Already,  a  Naval  Aviator  has  come  to  be  regarded  as  a  Naval 
Officer  first,  and  an  aviator  second. 


DESTRUCTION  OF  FRENCH   COAL  MINES  AND 
PLANTS  AND  THEIR  REHABILITATION.* 

BY 

GEORGE  S.  RICE.t 

Chief  Mining  Engineer.  Bureau  of  Mines,  Department  of  the  Interior. 

When  the  German  Imperialists  planned  their  campaign  for 
military  and  industrial  dominion  of  the  world,  they  did  not 
indulge  in  the  idle  dream,  that  it  could  be  accomplished  by  purely 
military  means,  but  carefully  studied  their  successive  steps  with 
reference  to  constant  support  of  their  military  power  by  com- 
mercial development. 

Large  resources  of  coal  and  iron  have  led  to  the  commercial 
greatness  of  countries  possessing  them.  Agriculture  is  most 
important,  but  is  not  alone  sufficient,  as  railroads  must  carry  the 
product  to  market,  and  in  turn  coal  and  iron  are  essential  to 
transportation.  The  ownership  of  the  iron  ore  alone  is  not 
sufficient.  Sweden,  for  example,  has  splendid  iron  resources 
but  has  had  to  export  its  raw  product  to  other  countries  to  be 
worked  up  into  merchantable  iron  and  steel,  and  hence  it  has 
not  reaped  the  full  benefit  because  it  has  not  possessed  coal.  On 
the  other  hand,  take  the  countries  which  have  been  most  pros- 
perous commercially  in  the  past  hundred  years.  They  are  the 
countries  that  possess  important  iron  and  coking  coal  resources : 
Great  Britain  first,  in  period  of  development,  Germany  next,  and 

*  Presented  at  a  meeting  of  the  Mining  and  Metallurgical  Section  held 
Thursday  evening,  December  4,  1919. 

t  The  author  was  a  membfer  of  a  Commission  sent  by  the  Secretary  of  the 
Interior  to  France  to  investigate  developments  in  mining  and  metallurgy  under 
stress  of  war  conditions,  and  also  to  observe  the  extent  and  character  of  the 
destruction  of  the  collieries  and  the  steel  and  iron  plants,  and  methods  which 
were  being  taken  to  re-establish  them.  This  commission  consisted  of  Dr.  F. 
G.  Cottrell,  Chief  Metallurgist  of  the  Bureau  of  Mines ;  Mr.  Frank  H.  Probert, 
Dean  of  the  University  of  California  Mining  School ;  and  Mr.  George  S. 
Rice,  Chief  Mining  Engineer  of  the  Bureau.  While  conducting  this  inveetiga- 
tion  Mr.  Rice  made  a  trip  to  the  Saar  Basin  to  observe  the  conditions 
there.  Subsequently  ^Ir.  Rice  acted  as  adviser  on  mining  matters  to  the 
Representative  of  the  Economic  Council  in  an  Interallied  conference  held 
at  Cologne  in  April,  1919,  and  afterward  visited  mining  districts  in  central 
and  southern  France,  in  Belgium  and  Great  Britain. 
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then  the  United  States,  the  latter  having  by  far  greater  resour- 
ces of  coal  and  iron  than  any  other  country  in  the  world. 

IRON   RESOURCES  OF  LORRAINE. 

France,  prior  to  the  war  of  1871,  possessed  the  iron  ore  of 
Lorraine  (termed  minette  ore)  which  in  1871  was  not  considered 

Chart  I. 


Map  of  coal  and  iron  basins  of  Western  Europe. 

SO  valuable  on  account  of  the  high  ])hosphorus  content.  This 
prevented  its  use  in  steel  making,  limiting  its  employment  to 
castings.  Nevertheless  by  the  advice  of  German  technicians, 
Bismarck  took  from  France  all  the  iron  deposits  then  known 
in  Lorraine.     Later  in  1878,  through  the  invention  of  Thomas 
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and  Gilchrist  of  their  dephosphorizing-  process,  this  ore,  aUhough 
low  grade  as  compared  with  the  hematite  ore  of  the  Lalce 
Superior  district,  became  most  valuable  to  Germany's  indus- 
trial development. 

French  development  companies  undertook  to  trace  the  ore 
deposits  westward  from  the  boundary  of  187 1,  by  deep  pros- 
pecting bore  holes,  and  established  the  fact  that  the  minette  ores, 
which  are  found  interl)edded  with  the  limestones  of  the  Paris 
basin  outcropping  in  German  Lorraine  and  Luxemburg  and 
dipping  eastward,  extended  into  France.     Later  it  proved  there 

Fig.  I. 


Loos  Battlefield  on  Lens  concession,  Loos  and  twin  toweis  of  Lens  No.  15. 

were  greater  iron  ore  resources  in  French  Lorraine  than  in 
"  Lorraine  Annex."  The  basin,  as  a  whole  in  Germany,  France, 
and  Luxemburg,  produced  55  million  tons  of  ore  in  1913. 
Although  the  ore  is  low  grade,  carrying  on  the  average  only 
about  33  per  cent,  iron,  it  is  easily  smelted  and  formed  the  basis 
of  vast  industries  in  Germany  and  to  a  lesser  extent  in  France. 

IMPORTANCE  OF  COAL  IN  DEVELOPMENT  OF  IRON. 

France,  unlike  Germany,  is  somewhat  deficient  in  coal  resour- 
ces, and  the  natural  mining  conditions  make  it  difficult  to  obtain 
large  outputs  from  the  coal  basins.  Coking  coal  is  the  most 
important  factor  in  the  utilization  of  iron  and  the  shortage  of 
this  has  in  the  past  tended  to  restrict  the  industrial  expansion  of 
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France  as  compared  with  that  of  England,  Germany,  and  the 
United  States.  Germany  having  iron  ore  (until  the  end  of  the 
war)  and,  what  is  still  more  important,  having  abundant  and  com- 
paratively cheap  coking  coal  was  second  only  to  the  United 
States  in  its  industrial  development.  In  the  United  States,  we 
have  the  greatest  resources  in  coal  as  well  as  iron,  and  here- 
tofore our  coal,  which  is  shallow  and  easily  mined,  has  been 


Fig.  2. 


Twin  towers  of  No.  is  before  the  war. 


very  cheaply  produced  and  this  has  enabled  us  to  make  enormous 
strides  commercially. 


GERMAN  DESIRE  TO  EXTEND  IRON  AND  COAL  POSSESSIONS. 

Germany  before  the  war  did  not  produce  all  of  the  iron  ore 
which  it  used.  It  imported  nearly  half  of  its  needs, ^  chiefly 
from  France  and  some  from  Sweden  and  Spain.  Even  before 
the  war,  German  iron  masters  hinted  that  Germany  should  have 
the  balance  of  the  minette  iron  ore  deposit  of  Lorraine.     After 

*  Germany's  production  in  1913,  including  Luxemburg,  with  which  it  was 
tied  commercially,  was  3.S.373,ooo  tons  of  iron  ore.  It  imported  14,019,000  tons 
from  France,  .Spain  and  .Sweden,  and  exported  2,600,000  tons.  It  used  al)Out 
47,000,000  tons  in  191 3. 
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the  war  started,  while  declaiming  to  the  world  that  they  were 
on  the  defensive,  the  German  iron  masters  openly  urged  the 
government  to  make  permanent  their  control  of  the  Briey  iron 
district  of  French  Lorraine  which  Cierman  armies  seized  when 
they  crossed  the  border  in  July.  1914. 

While  Germany  has  splendid  coking  coal  resources  in  its 
Westphalian  field  and  greater  resources  in  such  kind  of  coal 
than  possessed  by  any  other  European  countries  except  England, 

Fig.  3. 


Lens  No.  5  mine  before  the  war. 

if  the  Germans  were  to  hold  Belgium,  and  the  north  of  France,  as 
the  Imperialists  desired,  they  would  need  local  coal  in  those  occu- 
pied territories.  Moreover  they  wanted  coal  closer  to  the  seaboard, 
for  bunkering  their  ships  or  for  exporting,  than  that  produced 
in  Westphalia,  which  is  many  miles  from  their  seaports.  Mines 
centering  around  Dortmund  are  about  ii8  miles  tO'  Bremen  by 
railroad  and  i68  miles  to  Hamburg,  whereas  the  centres  of  the 
Belgian  field  and  the  Pas-de-Calais  coal  field  of  France  are  only 
about  50  and  60  miles,  respectively,  from  channel  seaports. 

The  coal  of  the  Belgian  field,  w'hile  in  part  coking,  is  mostly 
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of  the  steam  or  semi-anthracite  character  which  would  be  excel- 
lent for  bmikering  ships.  If  one  examines  the  map  (Chart  1)  he 
will  notice  the  great  iron  basin  of  France  and  former  German  Lor- 
raine is  as  close  to  the  Westphalian  field  as  to  the  coal  fields  of 
northern  France  which  also  contain  considerable  good  coking 
coal.  The  Saar  coal  field  is  still  nearer  the  iron  basin,  but  as 
yet  only  a  limited  amount  of  coking  coal  has  been  produced — 

Fig.  4. 


Lens  No.  5  mine,  destroyed  by  battle. 

only  a  few  million  tons  per  annum  out  of  a  total  production  of 
17,000,000  before  the  war. 

GERMAN    DESTRUCTION    OF    FRENCH    AND    BELGIAN    INDUSTRIES. 

For  the  fullest  development  of  its  imperial  policy,  Germany 
therefore  sought  to  seize  the  coal  and  iron  of  France  and 
the  coal  of  Belgium.  Unexpectedly  the  war  was  prolonged  and 
when,  following  the  British  drive  in  the  Somme  in  19 17,  the 
(iermans  evidently  began  to  doubt  their  ability  to  hold  Northern 
I'raiicc  and  i>elgium,  they  planned  the  campaign  of  industrial 
destruction.  Until  that  time,  the  destruction  other  than  the 
relatively  small  amount  of  wreckage   from  military  operations, 
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liad  apparently  been  by  unofficial  pillage.  The  campaign  then 
plajined  was  as  merciless  as  it  was  methodical.  All  industries 
in  Belgium  and  France  were  marked  for  destruction  with  two 
notable  exceptions — the  iron  mines  of  French  Lorraine  and  the 
coal  mines  of  Belgium.  I'oth  came  through  practically  without 
injury  except  some  unintentional  injuries  in  the  case  of  the 
French  iron  mines  through  bad  mining,  that  is :  in  certain  mines 
worked  by  the  Germans,  who  used  prisoners,  chiefly  Russians, 
the  pillars  were  robbed,  which  allowed  roof  falls  to  occur,  and 

Fig.  :;. 


Lievin  miners'  village  before  war. 


this  resulted  in  material  damage.  Other  than  this  the  only 
damage  was  the  taking  of  copper  trolley  wires  from  underground 
electric  roads  and  substituting  iron  wire  therefor,  and  some  de- 
struction by  explosives  and  burning  of  miners'  villages. 


ESCAPE  FROM  DESTRUCTION  OF  FRENCH  IRON   MINES  AND 
BELGIAN  COAL  MINES. 

The  reason  for  the  general  immunity  of  the  French  iron  mines 
is  manifest:  Germany  needed  the  Briey  iron  ore.  If  it  could 
defend  this  against  the  owners,  as  it  did  until  the  armistice,  so 
much  the  better.  If  not,  it  would  still  require  to  get  the  iron  ore  by 
import   for  the  continuance  of  its  Westphalian  iron  and   steel 
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industries:  The  need  of  Westphalian  coal  it  probably  considered 
its  hostage  to  compel  sending  minette  ore  from  France. 

As  concerns  the  escape  from  destruction  of  the  coal  mines  of 
Belgium,  the  reason  is  not  altogether  clear,  but  there  was  nothing 
to  indicate  from  other  matters  that  it  was  due  to  any  mercy  on 
the  part  of  the  Germans.  It  was  thought  that  it  might  have 
been  due  to  the  warning  given  by  President  Wilson  that  such 
destruction  would  bring  upon  them  measures  of  retribution,  at 

Fig.  6. 


Lii'vin  miners'  village  after  bombardment. 

a  time  when  they  were  losing  the  war.  However,  this  warning 
did  not  save  the  adjacent  French  collieries  wh(xse  wrecking 
proceeded  to  the  day  of  armistice;  on  the  other  hand  their  escape 
might  have  been  due  to  the  fact  that  Belgium  produces  little 
coking  coal  and  has  no  iron  ore  and  hence  its  iron  and  steel 
industry  could  not  be  really  competitive  with  the  great  West- 
I)halian  steel  and  ir(^n  industry. 


BESTRUCTION  OF  STEEL  AND  OTHER  INDUSTRIES  OF  BELGIUM  AND  FRANCE. 

In  striking  contrast  to  the  immunity  of  the  French  iron  mines 
and   the   I)clgian   coal   mines  there   was  as  ccMuplete   systematic 
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destruction  as  possible  of  all  other  industries  of  Northern  France 
and  Belg^iiim  with  the  manifest  intent  to  cripple  France  for  years 
to  come.  Then  if  g-iven  free  rein  German  factories  entirely  unin- 
jured by  the  war  and  ready  to  start  up,  would  go  ahead  and 
dominate  industrially  where  conquest  could  not  come  in  a  military 
way.  Thus,  without  the  restraints  of  the  Treaty  of  Peace,  Ger- 
many would  essentially  have  won  the  war.  Even  with  the  loss  of 
Lorraine  Germany  would  have  won  industrially  and  in  compara- 

FiG.  7. 


Lievin  No.  4  hoisting  engine,  destroyed  by  Germans. 

tively  few  years  would  have  been  able  to  strike  again,  and  this  is 
what  France  feared  and  still  fears.  The  writer  was  in  Northern 
France  in  1908  and  in  191 1  and  his  observation  then  was  that 
the  mass  of  the  French  wanted  peace  almost  at  any  price  and 
were  willing  to  let  the  losses  of  1871  be  forgotten. 

While  the  area  covered  by  the  German  advance  did  not  com- 
prise more  than  7  per  cent,  of  the  entire  territory  of  France,  yet 
as  pointed  out  by  the  late  Colonel  Edouard  de  Billy,  head  of 
the  French  *High  Commission,  these  invaded  districts  were  the 
most  developed  industrially.  From  them  came  30  per  cent,  of 
the  industrial  output  of  the  country ;  90  per  cent,  of  the  iron 
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ore;  83  per  cent,  of  the  pig  iron;  75  per  cent,  of  the  steel;  70 
per  cent,  of  the  coal;  94  per  cent,  of  the  combed  wool;  90  per 
cent,  of  the  tiax ;  and  65  per  cent,  of  the  sugar.  They  produced 
four-fifths  of  the  woolen  wear  and  included  80  per  cent,  of  the 
weaving  industry.  The  Germans  robbed  the  plants  of  their 
machinery,  and  structural  steel  and  iron  were  cut  up  and  taken 
to  Germany  for  reworking.  The  mines  were  flooded,  surface 
plants  dynamited,  workmen's  buildings  and  farm  buildings 
destroyed  and  agricultural  machinery  destroyed  or  carried  away. 

Fig.  8. 


Lii'^viii  N'o.  J  mine  before  war. 

It  is  true  that  some  of  the  destruction  of  the  tuines  was  due 
to  battle  and  from  military  needs,  but  this  kind  of  destruction 
probably  did  not  represent  more  than  a  few  per  cent,  of  the  total 
destruction.  The  steel  plants  and  the  industrial  plants  were  in  most 
cases  miles  behind  the  lines,  but  their  wreckage  was  just  as  com- 
plete in  effect,  though  not  so  spectacular,  as  that  in  No  Man's  land. 

DESOLATION  CAUSED  BY  GERMANS  IN  FRANCE. 

The  attempt  to  make  the  invaded  provinces  of  Northern 
France  a  desolate  region  was  very  striking,  especially  in  contrast 
with  the  treatment  of  Belgium  after  the  first  savageries.  I'rob- 
ai^ly  it  was  due  to  the  cold-blooded  calculation  that  Belgium  was 
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not  a  serious  industrial  competitor,  whereas  France  was.  Bel- 
pum.  outside  of  the  hmited  battle  area  and  destroyed  blocks  or 
isolated  buildings  in  some  of  the  cities,  as  at  Liege  and  Louvain, 
where  the  Germans  wished  to  strike  terror  to  the  hearts  of  the 
inhabitants,  was  physically  damaged  to  small  degree.  The 
repression  of  the  people  by  harsh  methods  made  life  by  no  means 
easy,  but  the  conditions  were  in  striking  contrast  to  Northern 
France  last  winter,  where  one  might  travel  for  miles  without  see- 

FiG.  g. 
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Li6vin  Xo.  3  mine,  destroyed  by  battle. 

ing  a  living  being,  only  demolished  or  uninhabitable  villages  and 
cities,  often  mere  piles  of  brick  and  stone.  Even  in  the  larger 
cities  of  the  coal  fields  outside  of  the  battle:  area,  as  in  Valen- 
ciennes and  Douai,  blocks  of  houses  had  been  destroyed  without 
apparent  reason  and  thousands  of  humble  dwellings  burned  or 
blasted  with  dynamite.  The  pillage  extended  to  banks  and  pri- 
vate property.  For  example,  the  writer  visited  a  bank  at  Douai 
in  Northern  France.  The  president 'showed  to  him  the  safety 
deposit  vaults  under  the  bank.  All  the  doors  of  the  security 
boxes  and  safes  had  been  neatly  cut  out  by  an  oxyacetylene 
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torch.  Not  only  had  all  articles  of  intrinsic  value  been  removed 
but  even  the  papers  had  been  taken  and  sent  to  Berlin,  nominally, 
for  safe  keeping.  One  can  well  imagine  the  difficulties  of 
straightening  out  the  titles  to  property  in  the  invaded  provinces 
for  years  to  come. 

The  people  in  these  French  provinces  suffered  more  from  lack 
of  food  than  those  in  Belgium.  The  writer  was  told  the  Germans 
prevented  Hoover's  men  from  distributing  the  food  in  France, 
insisting  that  it  be  done  through  the  German  military  authorities, 
which  of  course  meant  the  inhabitants  were  robbed  of  their  full 
rations.     They  looked  anemic  as  compared  with  the  Belgians. 

DESCRIPTION  OF   THE  PAS-DE-CALAIS  AND   NORD   COAL   BASIN. 

Although  France  has  50  separate  and  somewhat  scattered 
coal  fields,  most  of  them  are  quite  small  and  of  local  importance 
only.  By  far  the  most  important  is  the  Valenciennes  basin  in 
the  northeast  corner  of  France  and  this  is  divided  into  the 
Pas-de-Calais  and  Nord  districts.  Often  the  field  is  spoken  of 
as  the  Pas-de-Calais  field  and  since  the  war  is  usually  known 
to  Americans  as  the  Lens  field  on  account  of  the  terrific  struggle 
around  the  city  of  Lens. 

The  basin  is  a  continuation  of  a  long  narrow  geologic  trough 
lying  east  and  west.  Easterly  it  extends  through  the  south  part 
of  Belgium  and  the  following  well-known  industrial  centres  are 
found  successively  in  going  east  along  its  course :  Mons,  Char- 
leroi,  Namur,  and  Liege;  thence  it  passes  into  Germany  at  Aix 
Le  Chappelle.  Going  westerly  from  the  French-Belgian  border, 
it  extends  in  France  through  Valenciennes,  Douai,  Courrieries 
and  Lens  and  then  northwesterly  through  Bethune,  all  names 
being  made  famous  by  the  war.  A  narrow  off-shoot  of  the  coal 
field  extends  westwardly  through  Bruay  and  Maries  and  thence 
to  I'lechinelle.  It  was  this  extension  (^f  the  field  that  was  not 
invaded,  and  by  intensive  working  the  French  succeeded  in 
greatlv  increasing  the  output  of  the  collieries  in  this  part  of  the 
extension  in  spite  of  long-range  I;oml>ar(lment. 

GEOLOGIC    AND    MINING    CONDITIONS 

The  coal  is  of  Carboniferous  age  and  in  character  ranges 
from  long-flame  bituminous  coal  t(^  semi-anthracite  with  a  fair 
portion  of  coking  coal.     Where  all  the  beds  are  present  there 


June.  lOJO.l  DeSTRI'CTIOX   OF   FreXCH    CoaL  MiNES. 


749 


are  90  coal  beds  with  an  aggregate  thickness  of  250  feet.  l)ut 
generally  not  over  two-thirds  of  these  l^eds  are  present  at  any 
one  point  and  many  of  them  are  not  of  workable  thickness,  the 
total  thickness  of  the  workable  coal  usually  being  not  over  150 
feet.  Most  of  the  beds  are  less  than  3  feet  in  thickness.  In 
some  instances  two  beds  unite  giving  locally  a  thickness  of  from 
9  to  12  feet.  There  may  also  be  a  local  thickening  of  the  bed  due 
to  the  folding  back  of  a  seam.     At  Lens  wdiere  the  conditions 

Fig.  10. 


Bethune  Xo.  Il  mine,  destroyed  by  long  range  bombardment  by  Germans. 

are  typical,  the  total  coal  thickness  of  the  measures  is  4300  feet 
with  51  workable  beds  present  containing  154  feet  of  coal. 

The  geologic  structure  is  very  complicated ;  subsequent  to 
formation  of  the  coal  measures  there  w-as  a  great  geologic  thrust 
from  south  to  north  crumpling'  up  the  measures  and  producing 
sharp  overturned  folds  and  overthrust  faults  as  well  as  cross 
faulting.  Rocks  of  Devonian  age  have  been  thrust  over  the  coal 
measures  on  the  south  side  of  the  basin.  The  general  strike  of 
the  rocks,  subject  to  many  local  changes,  is  east  and  west  and 
the  normal  dips  which  are  usually  steep,  20  to  40  degrees,  are 
to  the  south. 

\'0L.    189,    Xo.    1 134 — 54 
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After  the  upturned  measures  had  been  planed  off  by  long 
continued  erosion,  they  sank  below  sea  level  and  chalk  and  marls 
have  been  deposited  over  the  upturned  edges.  Then  the  strata 
lifted  and  these  chalks  and  marls  were  slightly  raised  above  the 
sea  level.  The  surface  over  the  basin  is  generally  flat,  rising  to 
the  south  in  low  hills  or  ridges,  one  of  the  most  prominent  ridges 
south  of  Lens  being  the  famous  Vimy  Ridge  which  commands 
a  wide  view  over  the  basin.  Here  military  mining  was  exten- 
sively done  by  the  Germans  and  British,  and  the  British  thrust 
back  the  Germans  in  1917.  The  superficial  dimensions  of  the  basin 
are  62  miles  in  length  from  the  Belgian  border  and  in  width 
varying  from  2  miles  up  to  10  miles  at  Lens.  The  entire  super- 
ficial area  covers  about  405  square  miles.  This  does  not  include 
the  Belgian  part  of  the  basin. 

KINDS    OF    COAL    AND    PRODUCTION 

There  are  wide  differences  in  the  composition  of  the  coals, 
the  variation  in  the  volatile  combustible  content  ranging  from 
7  to  40  per  cent.  High  volatile  coal  is  found  in  the  outcrop 
coals  along  the  north  margin,  the  volatile  matter  ratio  decreas- 
ing toward  the  south  margin,  where  the  coals  lie  deeper. 

Of  the  26  million  tons  (metric)  produced  in  191 1  there  were 
4  million  tons  or  15  per  cent,  of  semi-anthracite,  3,900,000  tons 
or  15  per  cent,  non-coking  or  semi-bituminous;  11,200,000  tons 
or  43  per  cent,  of  coking  and  gas  coal ;  and  6,900,000  tons  or  2^ 
per  cent,  volatile  or  splint  coal.  In  191 3  the  total  production 
was  28  million  tons. 

The  coal  is  of  good  quality  but  is  generally  friable  in  char- 
acter. It  is  low  in  ash  after  the  careful  cleaning  given  it,  which 
is  done  by  numerous  pickers  and  by  washing  the  small  coal.  The 
moisture  content  is  low.  The  steam  coal,  when  briquetted,  makes 
a  splendid  steamship  fuel.  All  coke  is  made  in  by-product  ovens; 
2,873,000  tons  of  by-product  coke  was  produced  in  191 3  out  of 
the  total  production  for  France  of  3,667,000  tons. 

There  were  50  extraction  pits  or  shafts  in  the  Nord  district 
and  100  in  the  Pas-de-Calais  besides  numerous  auxiliary  and 
ventilating  shafts.  An  average  of  7  to  8  beds  was  worked  from 
each  pit.  The  average  depth  of  extraction,  that  is.  the  average 
depth  of  coal  hoisting,  was  about  1200  feet,  and  the  deepest 
hoisting  from  any  pit  was  3300  feet. 
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MINING  PLANTS  AND  DEVELOPMENT 

The  equipment  and  development  of  the  mines  was  very  high 
class  in  character.  It  may  be  said  that  there  were  no  finer 
mining  plants  in  the  work!  than  those  of  Northern  France.  Steel 
pit  head  frames,  architecturally  attractive;  substantial  and  fire- 
proof tipple  and  screening  buildings;  splendid  hoisting  engines, 
chiefly  electric  in  the  largest  plants;  well-designed  fans  which 

Fig.  loa. 


Bethune  mine  No.  11  before  the  war. 

were  always  in  duplicate ;  and  other  power  and  labor-saving 
equipment  of  the  best  type. 

Those  mining  concessions  possessing  coking  coal  had  by-prod- 
uct oven  plants  and  central  power  stations  using  the  surplus  gas 
and  supplying  the  respective  concession  with  electric  power  for 
the  different  mines  on  the  concession.  In  the  case  of  the  Lens 
collieries,  which  had  the  largest  production  of  the  basin,  the 
central  power  station  furnished  electric  power  for  canals  and 
other  public  utilities  for  a  distance  of  lOO  miles  towards  Paris. 

As  regards  housing,  the  miners'  dwellings  in  the  ancient 
towns,  although  constructed  of  brick  and  stone,  did  not  have 
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modern  improvements,  but  the  more  recently  constructed  dwell- 
ings and  other  buildings  in  the  mining  villages,  all  now  destroyed, 
were  made  very  attractive,  and  much  attention  was  given  to 
sanitation  and  sociologic  features. 

Practically  no  wood  was  used  in  the  construction  of  colliery 
buildings ;  steel  and  brick  were  generally  used  for  framework 
and  walls,  and  the  roof  coverings  were  of  tile  and  glass  supported 
by  steel  girders  or  arches. 

WATER-BEARING  MEASURES  PENETRATED  BY  SHAFTS. 

As  the  coal  measures  are  generally  overlain  with  water-bear- 
ing marls  and  chalks,  in  some  places  with  quicksand,  ordinary 
shaft-sinking  methods  were  often  impracticable  on  account  of  the 
great  flow  of  water,  and  many  of  the  shafts  were  sunk  by  the 
freezing  process.  In  more  recent  years  the  method  of  prior 
cement  injection  through  bore  holes  surrounding  the  shaft  was 
employed.  The  shafts  are  lined  through  the  water-bearing 
strata  with  iron  curbing  rings  and  through  the  rock  w'ith  brick, 
or  concrete.  Usually  a  single  colliery  has  only  two  shafts,  both 
equipped  for  hoisting,  the  air  shaft  usually  being  used  for  lower- 
ing supplies  and  hoisting  and  lowering  men.  Sometimes  both 
upcast  and  downcast  shafts  w-ere  used  in  hoisting  coal.  Under- 
ground connections  were  made  with  other  collieries  of  the  same 
concession  and  since  the  Courrieres  disaster  (1906)  and  M. 
Taffanel's  coal-dust  explosibility  investigations  (1907-1914), 
such  connections  had  been  especially  designed  with  explosion 
stopping  arrangement  and  equipped  with  special  "  shale-dust 
barrier  "  devices.  Some  of  the  shafts  hoisted  coal  from  several 
levels,  but  usually  the  hoisting  was  done  in  balance  from  one 
landing  level,  the  coal  l)eing  assembled  from  levels  below  or 
above  by  hoisting  or  lowering  in  underground  shafts. 

MINING  METHODS. 

Owing  to  the  disturbed  conditions  of  the  cckU  beds,  the  under- 
ground method  of  development  is  entirely  different  from  that 
which  prevails  in  the  United  States,  the  main  levels  or  gang- 
ways are  driven  across  the  strata,  that  is,  at  right  angles  to  the 
strike  of  the  coal  beds,  and  when  a  coal  bed  is  cut,  it  is  blocked 
out  by  "  entries  "  and  "  slopes  "  or  "  raises  "  in  the  bed.  Owing 
to  the  large  amount  of  extensive  cros.s-cut  tunnelling  and  uncer- 
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tainty  regarding  local  changes  in  the  beds,  the  Government  laws 
permit  the  driving  of  long  advance  or  exploratt)ry  tunnels  singly, 
the  ventilation  being  obtained  by  use  of  large  metal  pipes  in 
connection  with  a  suction  fan  placed  at  the  mouth  of  the  head- 
ing and  operated  by  a  small  compressed-air  engine,  electric  motors 
not  being  permissible  on  account  of  the  danger  of  igniting  fire 
damp.  The  ventilating  pipe  is  made  of  ri vetted  galvanized  iron 
sheets  12  to  20  inches  in  diameter.  This  method  of  development, 
in  comparison  with  double  entries  required  by  the  state  laws  of  this 

Fig.  lob. 
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Bethune  No.  1 1  safety  lamp  house  before  the  war. 

country,  appears  to  be  safe,  as  under  the  French  law  a  working 
coal  face  cannot  ])e  developed  from  a  single  heading ;  hence  no 
pockets  are  made  in  which  fire  damp  might  accumulate,  but 
development  must  await  connections  being  made  with  the  next 
level  above  in  order  to  obtain  a  circuit  of  air.  A  further  excellent 
safety  requirement  is  that  ventilation  must  always  be  ascensional, 
that  is,  the  intake  must  enter  on  the  lower  level. 


LONGWALL   METHOD   AND   PACKING. 

The  longwall  system  is  used  in  working  the  coal,  the  faces, 
usually  in  steps,  the  lowest  being  in  advance,  are  parallel  with 
the  dip.     The  "  goaf  "  or  excavated  space  must  be  entirely  filled 
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and  well  packed  with  rock  and  refuse.  As  the  roof  is  generally 
a  weak  shale,  extensive  timbering  is  required  and  this  is  done 
with  unusual  care  in  the  north  of  France,  a  forepoling  system 
of  support  at  the  face  being  employed.  The  filling  and  the  pack- 
wall  material  is  rock  obtained  in  driving  the  cross-cut  tunnels  and 
from  brushing  in  the  gang^vays.  As  there  is  usually  a  surplus 
of  rock  obtained  in  mining  the  thin  beds  this  surplus  is  taken  into 
the  workings  of  thicker  beds.  Where  there  is  insufficient  rock  or 
debris  for  filling  and  packing  some  must  be  sent  from  the  surface. 
At  a  number  of  collieries  the  hydraulic  or  flushing  system  was 
being  employed,  using  washery  refuse  and  cinders.  In  later 
years  some  sand  for  hydraulic  filling  had  been  brought  from 
the  seashore. 

Where  there  is  local  thickening  of  the  coal,  special  mining 
methods  are  employed  such  as  the  use  of  square  sets  and  a 
back  filling  method  similar  to  that  used  in  metal  mines.  The 
writer  saw^  this  method  being  used  before  the  war  in  one  of  the 
Courrieres  collieries  where  the  coal,  due  to  a  fold,  is  locally  40 
feet  thick. 

The  main  entries  of  the  levels  are  closely  timbered  and  in  the 
permanent  main  haulage-ways  brick  and  concrete  archings  are 
extensively  used.  Miles  of  light  reinforced  concerete  lining  had 
been  constructed  in  Bethune  No.  11,  one  of  the  destroyed  collieries. 

GAS  AND   DUST  PRECAUTIONS. 

As  might  be  expected  in  deep  deformed  coal  measures,  the 
mines  are  generally  gaseous  and  safety  lamps  are  required. 
Hand  storage-battery  electric  lamps  were  used  to  some  extent. 
On  the  whole,  except  in  some  of  the  deeper  "  pits,"  the  mines 
are  not  as  gaseous  as  those  in  Belgium,  and  ventilation  methods 
are  especially  good.  The  French  companies  were  perhaps  the 
first  to  adopt,  years  ago,  the  modern  method  of  systematic  daily 
analysis  of  the  returns  of  airways,  in  order  to  obtain  definite 
information  for  the  control  of  ventilation. 

Until  the  great  Courrieres  disaster  of  1906  in  which  iioo 
men  were  killed,  the  French  engineers  because  of  laboratory  tests 
held  the  oi)inion  that  coal  dust  in  itself  would  not  propagate  an 
explosion,  but  this  disaster  changed  their  point  of  view;  following 
it  extensive  experiments  were  begun  under  an  investigative  bureau 
established  by  the  Central  Committeeof  Collieries  of  France.-  The 

'  Comite  Central  des  Houilleres  de  France. 
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experiment  station  was  located  at  Lievin  in  the  Pas-des-Calais, 
with  Col.  J.  Taffanel,  one  of  the  Government  mining  engineers, 
in  charge.  The  coal  dust  explosibility  investigations  conducted 
by  Colonel  Taffanel  were  basic  in  their  tindings  and  were  of  the 
utmost  value  to  the  author  in  carrying  on  parallel  testings  at  the 
Experimental  Mine  of  the  Bureau  of  Mines,  at  Bruceton,  Pa.  The 
Lievin  experimental  station  was  on  the  battle  line  early  in  the  war 
and  was  totally  destroyed. 

Fig.  II. 
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Bethune  No.  8  mine  destroyed  by  battle.     Alternately  in  possession  of  British  and  Germans. 


TIMBERING  AND  INSPECTION. 


Great  precations  were  taken  by  the  French  in  mining,  espe- 
cially as  regards  timbering.  Except  for  the  year  of  the  Courrieres 
disaster  their  record  rivalled  that  of  Belgium  for  the  least  num- 
ber of  lives  lost  per  thousand  employed  underground,  the  yearly 
rate  being  about  one  per  thousand  employed.  This  is  nearly  fifty 
per  cent,  less  than  obtained  in  either  Germany  or  Great  Britian 
and  one-third  the  rate  of  this  country.  Such  a  low  death  rate 
from  accidents  was  the  result  of  the  operators  not  sparing  expense 
and  the  governmental  inspection  l)eing  rigid.  The  inspection 
service  is  in  the  hands  of  highly  trained  mining  engineers  assisted 
by  "  miners'  inspectors." 
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COMPARISON  OF  PRODUCTION  PER  MAN,  FRANCE  AND  AMERICA. 

The  production  per  man  in  France,  as  in  Germany  and  Great 
Britain,  is  low  compared  to  that  in  the  United  States,  but  this  is  not, 
as  sometimes  is  assumed,  because  the  workmen  in  this  country- 
are  better  than  those  of  France  but  is  chiefly  due  to  machine  min- 
ing. In  this  country  the  bituminous  coal  beds  as  worked  average 
thicker,  lie  level,  and  the  conditions  are  regular,  making  the 
extensive  use  of  mining  machines  both  possible  and  profitable. 

Fig.  12. 


B^'thune  No.  8  cratered  shaft,  blasted  by  Germans. 

In  France  the  pitching  and  irregular  character  of  the  coal  lieds 
and  the  poor  roof  prevent  the  extensive  use  of  undercutting 
machinery  and  in  most  cases  it  is  not  needed  as  the  coal  is  soft 
or  spalls  off  under  heavy  pressures.  However,  mechanically 
shaken  loading  chutes  are  used  at  the  longwall  faces  where  the 
grade  is  too  flat  for  the  coal  to  run  unaided.  Secondly,  the  require- 
ment that  thin  coal  as  well  as  thick  coal  must  be  mined,  neces- 
sitates a  large  amount  of  dead  work.  The  third  im])()rtant  factor 
is  the  requirement  that  the  workings  shall  be  packed  to  prevent 
subsidence  and  this  may  frequently  be  very  costly,  as  the  packing 
material  generally  has  to  ]ye  sent  to  the  mining  face  and  it  may  have 
to  Ix;  (juarried  or  excavated  on  the  surface.    Fourth,  there  are  no 
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Another  view  of  the  crateied  shaft  of  Bethune  No.  8  mine. 

chances  taken  in  questions  of  safety,  especially  timbering.  In  this 
country,  although  the  mine  roofs  are  almost  always  stronger,  our 
accident  rate  from  falls  is  vastly  greater  than  theirs.  Falls  of 
rock  and  coal  represent  40  per  cent,  of  our  coal  mine  accidents. 
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MINER'S    PRODUCTION    AND    EARNINGS. 

The  average  production  for  an  underground  employee  per 
annum  in  the  Pas-de-Calais  field  was  300  tons  (metric),  and 
per  working  day  about  i.i  tons. 

Prior  to  the  war  the  miners  working  at  the  face  averaged 
about  7  francs  or  $1.40  pre-war  exchange,  per  shift  of  eight 
hours.  The  boys,  drivers  and  helpers  were  paid  5  to  6  francs 
($1.00  to  $1.20)  ;  all  inside  labor  averaged  $1.20  per  day.  The 
age  limit  of  the  boys  employed  underground  was  13  years. 

Fig.  12b. 
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Overturned  head  frame  of  Courrieres  .\o.  6  mine.     Systematic-  destruction. 
MINE  OUTPUTS,  SELLING  PRICE  AND  COSTS. 

The  colliery  which  had  the  largest  output  of  coal  and  coke  of 
the  basin  was  the  Lens  Company  which  produced  about  4,000,000 
tons  (metric)  annually.  Next  in  point  of  output  were  Anzin  and 
Courrieres,  each  of  which  i)roduce(l  over  3,000,000  tons.  Then 
followed  Bethune  and  Licvin  producing  alx)Ut  2,000,000  tons 
each.  The  underground  labor  cost  in  the  basin  was  reported  to 
average  al)out  $1.10  per  ton.  Including  surface  lal)()r  the  total 
labor  cost  of  coal  delivered  on  railway  cars  was  alxDUt  $1.40  per 
ton.  The  entire  operating  cost, including  supplies, superintendence, 
and  other  items,  of  ])Iacing  coal  on  cars  was  from  $2. jo  to  $2.50 
per  ton.  The  average  .selling  price  of  the  coal  at  the  mines  preced- 
ing the  war  was  16  francs,  or  about  $3  per  ton.    The  gross  profit. 
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Fig.  13. 


Courrieres  No.  9  cratered  shaft,  destroyed  by  Germans.     Mine  far  behind  battle  line. 

not  including  the  income  tax,  was  from  60  cents  to  $1  per  ton. 
This  profit  was  on  the  coal  and  did  not  include  coking  and 
by-products  profits. 

The  numljer  of  work  days  per  year  averaged  300,  and  the 
average  production  per  hoisting  shaft  per  annum  was  about 
75,000  tons. 
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The  mining  companies  did  not  own  the  coal  but  received  con- 
cessions from  the  Government,  paying  a  nominal  rental  of  10 
cents  per  hectare  (2.471  acres).  The  principal  taxes  are  col- 
lected from  a  percentage  of  the  net  earnings,  and  prior  to  the 
war  the  tax  was  6  per  cent,  of  the  earnings  available  for  dividends. 

POST-WAR    LABOR    WAGES. 

As  in  this  country,  during  and  since  the  war  the  wages  paid 
labor  had  doubled  or  trebled.  Last  April  the  Courrieres  Com- 
pany, which  was  then  one  of  the  companies  most  actively  engaged 
in  cleaning  up,  was  paying  14  francs  per  day  to  ordinary  work- 
men, one  franc  additional  being  allowed  to  men  with  a  family, 
and  17  francs  ($3.66  pre-war  exchange)  for  skilled  workmen. 

In  the  Bruay  colliery  to  the  west  of  the  battle  line,  which 
was  operated  intensively  during  the  war,  the  miners  were  earn- 
ing in  April  from  15  to  18  francs  per  day,  general  underground 
laborers  being  paid  12  to  14  francs. 

PRODUCING  MINES  IN  PAS-DE-CALAIS  DISTRICT 

There  were  only  one-half  a  dozen  collieries  left  to  the  French 
to  produce  coal  at  the  west  end  of  the  coal  basin.  Their  produc- 
tion, by  concentrating  miners  in  them,  had  been  raised  from  2400 
to  about  3800  tons  per  day.  In  191 5  the  production  of  this 
area  was  7,382,000  tons.  In  1916  it  had  been  raised  to  8,195,000 
tons  and  in  1917  to  11,450,000  tons.  In  1918  some  additional 
mines  in  the  vicinity  of  Bethune  were  lost  by  the  advance  of  the 
German  lines  in  their  spring  drive  and  the  total  output  for  this 
end  of  the  field  was  prol)ably  a  little  less  than  in  191 7. 

Following  the  armistice  the  output  lowered  15  to  20  per 
cent,  on  account  of  the  miners  leaving  for  their  old  homes  and 
the  collieries  dropping  from  3  eight-hour  shifts  per  day  to  2 
shifts  of  eight  hours. 

HISTORICAL   REVIEW   OF   THE   DESTRUCTION   OF   THE    COLLIERIES 

Through  the  kindness  of  the  Central  Committee  of  the  Col- 
lieries of  I'^rance  (  C"oniitc  Central  dcs  llouillcres  de  h'rance)  •' 
I  received  data  giving  chronologically  the  progress  and  character 

"A  permanent  organization  of  all  French  collieries  for  cooperative 
investigations  in  the  coal  in(lustr\-.  Before  the  war  it  maintained  a  safety 
investigative  bureau  at  Lievan  in  tin-  Pas-de-Calais,  of  whicli  Col.  J.  Tat- 
fancl  was  director. 
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of  the  destruction  of  the  collieries;  from  that  and  from  data 
secured  durinj^  my  visit  the  following  story  was  written  Novem- 
ber jg.  191 9. 

The  invasion  of  the  field  in  August,  1914,  by  the  Germans 
began  immediately  after  the  retreat  of  the  British  from  Mons, 
southward  toward  P'aris.  Mons  is  in  the  Belgian  coal  field  about 
10  kilometres  (six  miles)  from  the  boundary  between  Belgium 
and  France.  On  the  24th  of  August  the  concessions  in  the  vicinity 
of  \'alenciennes  had  been  occupied.     By  October  i,  the  invasion 

Fig.  14. 


Boilers  at  Courrieres  Xo.  9  with  holes  in  domes,  holes  also  being  blasted  in  bottoms  of  boilers. 

had  spread  to  the  concessions  in  the  vicinity  of  Douai,  and  by 
October  6,  Lens  and  Lievin  had  been  occupied. 

During  the  first  invasion,  until  the  stabilization  of  the  fronts 
at  the  end  of  October,  the  destruction  was  carried  on  under  plea 
of  military  precaution  against  the  utilization  of  the  pits  near 
the  firing  line  by  the  allied  armies.  It  consisted  of  the  destroyal 
in  some  of  the  mines  of  the  means  of  extraction  and  of  com- 
munication between  the  bottom  and  the  surface,  such  as  cutting 
the  cables  and  throwing  cages  and  buckets  to  the  bottom  of 
the  shafts. 

During  that  period  stores,  provisions,  timbers,  and  locomo- 
tives were  seized,  and  there  occurred  a  certain  amount  of  pillage 
and  unauthorized  destruction  on  the  part  of  the  rank  and  file. 


762  George  S.  Rice.  [J-  F-  ^• 

At  that  time  there  was  no  real  excuse  for  the  destruction  as 
there  was  no  fighting  except  for  a  few  hours  in  the  streets  of 
Billy-Montigny  and  Drocourt.  At  Courrieres  and  Lens,  in  the 
first  days  of  the  occupation,  the  (krman  niihtary  authorities  for- 
bade all  work  of  maintaining  the  bottom  or  the  pumping  of  water. 
Of  course  no  Frenchmen  of  militar_\-  age  remained  in  the  district, 
all  having  been  mobilized  at  the  outbreak  of  the  war,  but  old 
men,  women,  and  children  largely  remained  as  the  invasion  was 
too  rapid  for  the  general  escape. 

STABILIZATION   OF   BATTLE   LINES. 

Upon  the  stabilization  of  the  lines  the  trench  warfare  began 
and  at  the  end  of  October  the  front  line  of  the  trenches  passed 
through  the  concessions  of  Douvrin,  Bethune,  and  Lievin.  The 
Lens  concession  was  in  the  range  of  the  allied  heavy  artillery. 
With  the  exception  of  these  concessions,  which  were  exposed  to 
the  bombardment  of  both  sides,  during  the  second  period  which 
lasted  until  the  conquest  of  Vimy  Ridge  by  the  English  in  191 7, 
the  destruction  by  damage  resulting  from  the  operations  of  war 
w^as  comparatively  small.  Meantime  during  this  period  there  was 
continued  removal  of  the  apparatus,  stores,  and  provisions  with- 
out requisition  orders,  or  in  some  cases  with  orders  for  quantities 
much  less  than  werei  taken  away,  and  at  low  values. 

At  Courrieres,  for  example,  mine  wood  was  taken  to  the 
amount  of  4  million  francs  value  at  that  date,  and  1600  wagons 
were  removed  for  which  the  enemy  gave  requisition  for 
100  wagons. 

At  Carvin,  which  lay  far  behind  the  firing  line,  w^agons  and 
electric  wires  were  removed  and  there  began  a  general  seizure  of 
copper  from  all  kinds  of  machinery  which  were  destroyed  in 
obtaining  the  copper.  The  German  military  regulations  forbade 
the  companies  to  have  their  workhouses  and  pits  examined  at 
night.  It  was  during  the  night  that  most  of  these  removals  were 
effected,  so  that  the  Germans  would  be  able  to  refuse  requisi- 
tion orders. 

TREATMENT    OF    LENS    COLLIERIES.    FIRST    PERIOD    OF    DESTRUCTION. 

For  the  Lens  collieries  si)ccial  treatment  was  reserved.  Up 
to  September  25,  191 5.  these  mines  had  suffered  comparatively 
little  by  the  enemy  occupation  except  for  rcjjair  work  under- 
ground, the  usual  daily  examination  of  the  pits  being  prevented. 
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Courrieres  No.  21  new  unfurnished  plant  partly  demolished,  showing  holes  made  in  post  for 
blasting.     Sign  marked  I2>^  Kg.  (weight  of  explosive  to  be  used). 
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At  that  time  a  big  French-English  attack  furnislied  the  Germans 
with  pretexts  for  the  severest  measures.  The  British  Army  had 
taken  the  town  of  Loos  and  pit  15  of  the  Lens  mine.  This  was 
one  of  the  splendid  new  mines  of  the  company,  and  its  high  head 
frames  occupied  a  commanding  position.  The  German  com- 
mand pretended  to  see  the  possibility  of  a  means  of  communica- 
tion between  the  English  lines  and  the  French  population,  who 
remained  behind  the  enemy  lines.  Objections  were  raised  by 
mine  managements  that  there  was  no  possibility  of  such  com- 
munication as  the  mines  had  not  been  ventilated  for  nine  months 
and  moreover  the  shafts  of  the  mines  had  been  guarded  by 
military  guard  during  this  period  and  nobody  h^d  entered.  M. 
Reumaux,  the  managing  director,  suggested  to  the  German  mili- 
tary authorities  that  they  completely  seal  at  the  l)ottom  the  outlets 
from  one  mine  to  the  other  and  hermetically  seal  the  shafts,  leav- 
ing only  small  openings  for  escape  of  firedamp. 

FLOODING  MINES. 

These  proposals  were  submitted  to  a  mission  of  engineers 
from  the  mines  of  Westphalia  who,  in  spite  of  the  obvious  mili- 
tary security  of  the  j)ropose(l  measures,  pronounced  them  insuf- 
ficient; this  of  course  was  a  mere  subterfuge  to  give  excuse  for 
the  fearful  destructi(jn.  It  was  then  ordered  that  the  mines  be 
inundated  by  blowing  up  the  shaft  lining  and  this  was  done  in 
Lens  pits  5  and  11.  The  inundation  spread  not  only  through 
the  pits  of  the  Lens  concession  but  also  through  those  of  neighbor- 
ing concessions  at  Meurchin,  Lievin,  Carvin,  and  Drocourt,  ren- 
dering these  workings  useless  for  many  years.  This  meant  the  loss 
to  France  for  five  years  at  least  of  8  million  tons  or  one-fifth 
of  the  national  pr(xluction  at  this  time. 

SECOND    PERIOD    OF    DESTRUCTION.     SYSTEMATIC    WRECKING    BEGUN. 

A[)parently  in  1917  the  (iermans  foresaw  they  nuist  ultimately 
retreat,  and  l^egan  systematic  destruction  of  surface  installations 
heretofore  untouched.  Gangs  of  pioneers  began  to  break  up 
the  surface  plants  and  destruction  of  the  steel  headframes  was 
prepared  in  advance  to  be  executed  at  each  pit  as  the 
(jermans  withdrew. 

After  the  coiKjuest  in  .\pril.  \()\J,  of  \'ini)-  Ridge,  which  lies 
to   the   south    of    Lens   and    oxerlooks   tlu'    Io\\-]\ing   coal    field, 
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resulted  in  placing  the  Lens  concession  in  the  firing  line,  there 
was  fighting  in  and  among  the  workmen's  dwellings  in  Lens 
and  surrounding  villages ;  also  part  of  the  Courrieres  and  Dro- 
court  concessions  came  in  the  allied  Ixombardment  zone.  Cour- 
rieres collieries  which  had  been  in  oi:)eration  under'  control 
of  the  Germans  were  stopped  and  the  neighboring  population  was 
evacuated.   On  April  13.  the  village  of  Henin-Lietard  (Dourges) 

Fig.  16. 


Canal  loading  station  of  Bethune  mines.    This  and  barges  destroyed  in  battle. 

Avas  also  evacuated.  The  workmen's  cities  in  the  vicinity  and 
surface  installations  at  Drocourt  pits  4  and  5  were  destroyed  by 
the  bombardment. 


THIRD   PERIOD    OF   DESTRUCTION.    COURRIERES  MINES  FLOODED. 

In  spite  of  advance  of  the  front  line  of  the  British  in  191 7, 
the  greater  part  of  the  Nord  Basin  to  the  East  was  still  out  of 
reach  of  the  bombardment  and  consequently  free  from  damage 
of  mihtary  operations.  Yet  at  this  time  everything  was  taken 
from  Courrieres  mines  and  villages — even  to  hand  tools  and  furni- 
ture, without  military  need.  At  Courrieres  160  steam  boilers 
were  wrecked  and,  at   Dourges,  by  means  of  explosives,  the 
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machinery,  trestles,  etc.,  were  destroyed.  Then  followed  the  blow- 
ing up  of  the  lining  of  Coiirrieres  pit  No.  9  and  the  flooding  of 
the  mines  of  this  concession  by  water  flowing  from  the  quicksands 
and  chalks.  To  hasten  this  process,  the  Germans  ditched  in 
surface  ponds  and  swamps.  The  chief  engineer  of  the  Courrieres 
Company  informed  the  writer  in  April,  1919,  that  from  sounding 
in  some  of  the  shafts,  the  company  estimated  there  were  20  million 
cubic  metres  of  water  in  its  group  of  mines.  The  bulk  of  this 
water  would  probably  have  to  l^e  pumped  from  the  depth  of  1500 
feet  at  least.  Destruction  during  this  period  meant  the  loss  of  4 
million  tons  annual  output  to  France. 

In  the  spring  of  1918  came  the  last  German  drive  and  while 
the  British  line  held  around  Vimy  Ridge  and  Lens,  it  was  forced 
back  into  the  vicinity  of  La  Bassee  and  approached  closely  to 
Bethune,  thus  bringing  the  remaining  Bethune  mines  under  direct 
fire,  and  the  mines  at  Bruay  under  long-range  fire  of  the  Ger- 
mans. The  last  named  was  among  the  few  important  collieries  left 
in  working  condition  in  the  Pas-de-Calais  field.  However,  while 
the  long  distance  bombardment  of  Bruay  did  some  damage  it  did 
not  prevent  continued  operation  of  the  mines,  although  there  were 
grave  difUculties  in  running  trains  and  at  one  time  this  could  only 
be  done  at  night. 

FOURTH  PERIOD  OF  DESTRUCTION.     FINAL   WRECKAGE   BEFORE 
GERMAN   RETREAT. 

The  fourth  and  last  period  began  with  the  final  retreat  of 
the  Germans  in  September  and  extended  to  the  date  of  the 
armistice,  November  11,  1918.  This  retreat,  which  finally  forced 
them  back  across  the  frontier  beyond  Mons  in  Belgium,  was 
so  rapid  that  little  battle  damage  occurred  after  the  opening  phase 
which  brought  the  mines  in  the  vicinity  of  Douai  into  the  firing 
line,  but  even  at  these  mines  the  devastation  was  not  so  much 
from  bombardment  as  from  systematically  planned  destruction. 
This  destruction  all  the  way  to  the  Belgian  line  had  to  be  carried 
out  in  a  very  short  time.  It  would  seem  that  military  fighting 
ought  to  have  monopolized  every  effort  of  the  (iermans,  yet  dur- 
ing this  final  period  the  greatest  damage  was  wrought  in  the 
shortest  time  by  the  enemy.  The  collieries  that  remained  intact 
until  the  month  of  September,  i<;i8,  represented  an  annual  extrac- 
tion of  nearly  8  million  tons,  or  more  than  one-third  of  the  total 
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Canal  loading  station  of  Lens  Collieries  at  Pont-a-Vendm,  before  the  war. 

production  of  the  collieries  invaded.  For  example,  at  the  Aniche 
colliery  on  Octol^er  i,  the  extraction  having  been  stopped  the  day 
before,  three  gangs  of  75  pioneers  began  the  devastation.  On 
October  7  it  was  nearly  completed.  Eighteen  mine  shafts,  includ- 
ing washeries,  coke  oven,  railways,  and  bridges  were  destroyed. 
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Installations  at  the  bottoms  of  the  shafts  were  also  destroyed, 
but  to  what  extent  was  not  known  in  May,  191 9.  Successively 
every  mining  plant  was  destroyed  as  the  Germans  retreated 
back  to  Belgium. 

Hindenberg's  order  of  October  15,  forbidding  destruction 
without  military  utility,  issued  as  a  result  of  the  ultimatum  of 
the  United  States  Government,  did  not  stop  the  systematic  devasta- 
tion even  where  no  military  needs  existed.  The  Aniche  and  Anzin 
destruction  was  not  completed  until  October  18  and  Crispin, 
adjacent  to  the  Belgian  boundary,  remained  intact  until  October 
28,  when  a  battalion  of  pioneers  arrived  and  proceeded'  to 
destroy  totally  the  machinery  and  works.  The  German  Cap- 
tain (Edelmann)  charged  with  the  supervision  of  the  mines,, 
struck  with  the  uselessness  of  the  destruction  he  had  received 
the  order  to  carry  out  and  probably  uneasy  as  to  his  personal 
responsibility  because  of  the  American  ultimatum,  demanded  and 
obtained  from  Ludendorff  himself,  the  written  order  to  continue 
the  destruction. 

SUMMARY    OF    DESTRUCTION 

The  Central  Committee  of  France  has  set  forth  striking 
figures,  which  may  be  summarized  as  follows :  The  destruction- 
of  220  pits  and  shafts  belonging  to  20  operating  companies  which 
were  rendered  unstable  for  several  years ;  all  surface  installations 
were  destroyed  in  detail.  An  annual  production  of  more  than 
20,000,000  tons,  or  50  per  cent,  of  the  production  of  all  France 
in  1913,  has  been,  temporarily  at  least,  lost  to  the  country.  Un- 
employment was  forced  on  100,000  people  and  they  and  their 
families  were  reduced  to  extreme  poverty. 

Finally  the  Central  Committee  estimates  that  the  material 
damage  amounted  to  at  least  2,000.000,000  francs  in  value  (on  a 
pre-war  basis  of  exchange  $400,000,000).  This  does  not  include 
the  loss  to  France  of  at  least  100,000.000  tons  of  coal  production, 
for  a  period  of  5  years,  counting  only  the  period  of  the  war  and 
the  armistice,  besides  which  there  would  be  the  loss  of  valuable 
by-products.  So  France  to-day  j)ays  heavily  for  coal  that  it  lost 
through  the  German  occupation  and  destruction. 

RECONSTRUCTION.  TERMS  OF  TREATY  OF  PEACE. 

Based  on  the  terms  of  the  Treaty  of  Peace  the  official  P'rcnclv 
findings  for  the  reconstruction  of  the  mines  evidently  are  that 
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it  will  take  two  to  five  years  to  get  all  the  collieries  in  condition 
to  hoist  coal  and  at  least  ten  years  to  get  back  the  normal  output 
of  the  basin.    These  terms  are: 

'*  Germany  imdertakes  to  deliver  to  France  7.000.000  tons 
of  coal  per  year  for  ten  years.  In  adilition,  Germany  undertakes 
to  deliver  to  France  annually  for  a  period  not  exceeding  ten  y.;ars 
an  amount  of  coal  equal  io  the  difference  between  the  annual 
production  before  the  war  of  the  coal  mines  of  the  Nord  and 
Pas-de-Calais,  destroyed  as  a  result  of  the  war,  and  the  produc- 
tion of  the  mines  of  the  same  area  during  the  years  in  question; 

Fig.  17. 


Canal  at  Pont-a-Vendin,  near  Lens  coke  oven  plant,  showing  destruction  by  battle. 

such  deliver}'  not  to  exceed  20,000,000  tons  in  any  one  year  of 
the  first  five  years,  and  8,000,000  tons  in  any  one  year  of  the 
succeeding  five  years." 

"  The  Allied  and  associated  Governments  interested  may  de- 
mand the  delivery  in  place  of  coal  of  metallurgical  coke  in  the 
proportion  of  three  tons  of  coke  to  four  tons  of  coal." 

Tn  the  foregoing  requirement  it  must  be  understood  that  the 
coal  is  not  being  furnished  free  by  Germany  but  will  be  a  profitable 
commercial  transaction  for  the  Westphalian  operators  as  the 
price  to  be  paid  for  the  coal  delivered  at  the  French  boundary 
will  be  the  "  German  pit  head  price  to  German  nationals  "  plus 
the  freight  to  the  boundary,  or  to  the  German  seaport,  "provided 
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the  pit  head  price  does  not  exceed  the  pit  head  price  for  British 
coals  for  export." 

SAAR  MINES  TRANSFERRED  TO  FRANCE. 

In  this  connection  it  may  be  well  to  clear  up  an  erroneous, 
impression  that  the  Saar  region  has  been  finally  turned  over  to 
France.  Its  mines  have  been,  but  not  the  sovereignty  of  the 
territory.  The  conditions  imposed  by  the  Treaty  of  Peace 
are  these : 

"  As  compensation  for  the  destruction  of  the  collieries  in 
the  north  of  France  and  as  part  payment  towards  the  total  repara- 
tion due  from  Germany  for  the  damages  resulting  from  the  war,. 
Germany  cedes  to  France  in  full  and  absolute  possession,  with 
exclusive  rights  of  exploitation,  *  *  *  the  coal  mines  situated 
in  the  Saar  ba:sin  *   *   *." 

This  includes  undeveloped  deposits  whether  belonging  formerly 
to  the  Prussian  State,  the  Bavarian  State  or  private  interests.  The 
chief  properties  were  the  so-called  Prussian  fiscal  mines,  there 
l^eing  only  a  few  privately  owned  mines,  the  owners  of  which  will 
have  to  look  to  the  German  government  for  compensation.  The 
fiscal  mines  of  Prussia  were  acquired  by  that  country  in  1815 
through  the  Vienna  treaty  of  peace.  In  191 3  they  produced 
12,223,000  tons  of  coal.  Several  Bavarian  mines  included  in 
the  transfer  produced,  in  1913,  810,546  tons.  The  foregoing 
does  not  include  the  Lorraine  portion  of  the  Saar  Valley  field 
which,  was  returned  to  France,  the  production  of  which  in  191,^ 
was  3,816,815  tons. 

SAAR   DISTRICT,    PLEBISCITE. 

While  the  ownership  of  the  mines  of  the  Prussian  Saar  basin 
thus  passed  to  France  permanently,  the  inhabitants  of  the  Saar 
territory  after  a  period  of  15  years,  are  to  determine  by  vote 
whether  they  wish : 

(a)  Maintenance  of  the  regime  established  by  the  present 
Treaty. 

(b)  Union  with  l^>ance. 

(c)  Union  with  Germany. 

CONSIDERATIONS    IN    RECONSTRUCTION    IN    FRENCH     MINES. 

Although  to  those  not  familiar  with  the  conditions,  the  time 
for  reconstruction  indicated  in  the  Treaty — 10  years  ft)r  complete 
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reconstruction  and  recovery  of  output — seems  unnecessarily 
long,  yet  after  one  has  traveled  through  the  basin  and  reviewed 
the  situation,  taking  into  account  the  renewal  of  transportation 
facilities,  the  absence  of  adequate  housing,  the  scarcity  of  build- 
ing materials  of  all  kinds,  the  requirement  of  fireproof  and  per- 
manent construction  of  mine  buildings,  and  has  observed  the 
frightful  tangle  of  concrete,  debris  and  twisted  steel,  he  is  pre- 
pared to  understand  the  stupendous  nature  of  the  task.     Besides 

Fig.  18. 
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Aniche-Xord  mine,  systematically  destroyed  by  Germans. 

these  physical  difficulties,  France  to  obtain  maximum  progress 
will  have  to  purchase  machinery  and  supplies  from  abroad  which 
entails  the  serious  problem  of  financing,  with  the  balance  of 
trade  so  much  against  her,  instead  of  proceeding  more  slowly 
and  constructing  in  France  the  needed  machinery. 

When  the  writer  visited  the  mining  district  last  April,  the 
preliminary  recovery  work  had  been  going  on  very  slowly  on 
account  of  the  lack  of  transportation  facilities.  Reconstruction 
itself  had  not  started  at  that  time,  only  the  main  railway  from 
Paris  to  Brussels  had  just  been  hastily  reconstructed  with  tem- 
porary bridges;  the  branch  lines   still   remained   wrecked   even 
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to  the  road  bed,  and  all  the  bridges  over  the  numerous  canals  and 
streams  were  down.  The  preliminary  rehabilitation  of  the  dis- 
trict is  more  difficult  than  the  preliminary  development  of  a  new 
field  because  the  tangled  debris  of  steel,  bricks  and  stone  is 
in  the  way. 

RECOVERING   THE    SHAFTS. 

It  had  been  suggested  by  those  not  acquainted  with  mining 
conditions  underground  that  the  old  shafts  had  better  be  aban- 
doned and  new  shafts  sunk,  but  this  would  not  be  practicable 
until  the  shafts  with  blasted  linings  which  permit  the  water 
to  run  freely  into  the  mines  have  been  repaired  to  exclude  the 
water.  When  this  most  difficult  task  has  been  accomplished  it 
would  be  advantageous  in  point  of  time  and  expense  to  accom- 
plish the  easier  task  of  recovering  the  shafts  through  the  looo 
to  2000  or  more  feet  of  rock  strata  to  the  former  working  levels 
and  then  obtain  the  benefit  of  all  the  expensive  underground 
tunnelling  and  development.  Although  it  is  reported  some  demo- 
lition had  been  done  underground,  it  was  not  thought  likely  by 
the  French  engineers  that  this  damage  was  irreparable.  Water 
has  doubtless  done  great  damage  at  the  faces  and  in  timbered 
sections,  but  it  is  thought  the  greater  part  of  the  extensive  devel- 
opment is  not  badly  injured. 

No  statements  could  be  obtained  from  the  local  engineers  as 
to  the  proposed  method  of  engineering  procedure,  as  they  awaited 
the  decision  of  an  official  board  of  engineers,  but  it  seemed 
to  the  writer  that  the  only  way  would  be  to  boldly  get  at  the 
work  of  recovering  the  cratered  shafts  by  putting  in  new  linings 
through  the  water-bearing  ground,  and  that  this  might  best 
be  started  by  using  through  the  debris  large  drop  shafts,  25  to  30 
feet  in  diameter,  planned  to  telescope  over  the  old  lining  where 
intact,  using  compressed  air  locks  where  the  water  pressure  was 
not  too  great  and  where  it  was  either  the  cementation  process 
or  the  freezing  jjrocess.  There  would  of  course  have  to  be 
many  special  methods  employed  to  meet  the  particular  condi- 
tions. The  broken  steel  and  iron  head- frames  in  the  shaft 
craters  will  undoubtedly  i)rove  serious  obstacles.  An  extensive 
use  of  oxyacetylene  or  oxyhydrogen  torches  for  cutting  up  the 
twisted  steel  will  be  re(|uire(l. 
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HOUSING  PROBLEMS. 

One  of  the  grave  problems  is  the  providing  of  dwelling  places 
for  the  workers.  Last  April  there  had  been  many  drifting  back, 
pathetic  little  parties  on  foot,  pushing  or  dragging  their  pitiful 
household  remnants ;  more  than  the  Government  could  properly 
care  for.  These  had  set  up  housekeeping  in  corners  of  ruins  or 
in  cellars.     Providing  a  water  supply  for  domestic  use  is  another 

Fig.  19. 


Interior  of  power-house  of  Aniche-Xord,  showing  systematic  destruction. 

of  the  problems.  The  Government  found  it  difficult  last  winter 
and  spring  to  supply  the  people  with  even  a  small  allotment  of  pro- 
visions on  account  of  the  lack  of  railroad  facilities,  and  many 
army  trucks  had  to  be  employed. 


PURCHASE    AND    ALLOCATION    OF    MINE    SUPPLIES. 

In  restoring  the  mines,  as  already  stated,  there  was  difficulty 
in  obtaining  machinery  and  supplies.  The  Government  found 
it  necessary  in  conjunction  with  the  Central  Committee  of  Col- 
lieries of  France  to  establish  a  centralized  office  for  the  purchase 
of  all  materials  needed  in  the  reconstruction  of  destroved  indus- 
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tries,  and  this  organization  (Comptoir  central  d'achats  industrial 
pour  les  regions  envahies),  which  later  came  under  the  ministry 
of  direct  reconstruction  (Reconstruction  industrielle),  purchases 
all  materials  and  equipment  and  allocates  them  to  the  different 
industries  and  mines,  but  each  mining  company  has  been  per- 
mitted to  use  its  own  discretion  in  the  execution  of  the  work 
of  rehabilitation. 

There  has  been  reluctance  on  the  part  of  the  Government  to 
permit  purchase  of  machinery  outside  of  France  on  two  accounts; 
(i)  rate  of  exchange,  and  (2)  desire  to  avoid  increasing  the 
debt  of  France  to  other  countries.  However,  it  is  expected  that 
German  mining  machinery  may  be  furnished  as  part  of  the 
reparation  due  from  Germany.  Many  of  the  large  electric 
hoisting  engines  and  smaller  equipment  which  had  been  destroyed 
were  of  German  manufacture.  While  the  French  manufacturing 
establishments  are  able  to  turn  out  almost  any  kind  of  engineer- 
ing equipment,  and  of  a  very  high  quality,  these  establishments 
cannot  possibly  cope  with  the  present  needs,  and  some  of  the 
French  mining  men  consider  that  it  would  be  better,  in  spite  of 
the  financial  difficulties,  to  purchase  American  and  British  ma- 
chinery and  get  back  on  a  running  basis  as  soon  as  possible. 

The  problems  are  very  great  but  the  French  engineers  are 
highly  capable  and  need  little  help  in  the  way  of  engineering  ad- 
vice. They  know  their  problems  better  than  we  do,  and  while 
they  appreciate  the  offers  of  engineering  assistance,  it  seems 
to  the  writer  that  what  they  most  need  is  financial  assistance  to 
support  their  own  program  of  reconstruction. 

In  closing  I  cannot  but  express  my  great  admiration  for  the 
splendid  character  of  the  French  and  their  cheerful  courage  under 
the  most  fearful  misfortunes  that  have  ever  come  upon  a  civilized 
people  in  modern  times.  Nothing  that  the  Germans  can  be  com- 
pelled to  do  can  remedy  the  terrific  wrongs  done  in  the  invaded 
provinces.  Aien  killed,  women  and  children  made  to  suffer,  driven 
from  their  lifelong  homes,  which  were  destroyed,  and  the  final 
appalling  desolation  of  a  region  that  was  one  of  the  most  splen- 
didly developed  industrially  in  the  whole  world.  Great  mining 
plants,  picturesque  hamlets,  and  in  some  cases  modern  min- 
ing villages  set  in  a  rich  agricultural  region  with  carefully  tended 
gardens  and  farms,  fine  roads  lined  with  sjjlendid  trees;  now 
.all  fiat  and  a  tangled  wilderne.ss  of  trenches,  barbed  wire,  brick, 
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and  steel.  Xunierous  farms  through  wide  areas  have  been  ruined 
for  many  years  as  the  trenching,  mihtary  mining,  and  shell  craters 
have  buried  or  blown  away  the  humus,  leaving  exposed  the 
chalks  and  marls. 

We  can  only  wish  our  French  friends  as  speedy  a  recovery 
from  their  wounds  as  possible  and  so  far  as  possible  we  should, 
help  them  to  recover  in  their  own  way. 

Fig.  20. 
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Camphausen  Colliery  (former  Prussian  State  mine)  in  the  Saar,  showing  reinforced  concrete 
head  house  with  1200  h.  p.  electric  hoist  in  top. 


PRESENT  FUEL  NEEDS  OF  FRANCE 

Before  concluding  I  will  chiefly  rehearse  the  fuel  needs  of 
France  since  the  United  States  is  the  only  country  (when  we 
recover  from  the  effects  of  the  suspension  of  work  at  our  coal 
mines)  that  can  fill  the  needs,  the  shortage  of  shipping  being  taken 
into  account.  While  the  loss  of  output  of  the  destroyed  mines, 
20,000,000  tons  per  annum,  is  a  huge  amount  for  France,  it  is 
relatively  small  as  compared  with  the  total  production  of  Europe, 
6i4,ocx),ooo  tons  prior  to  the  war. 

Although  other  mining  regions  in  Europe  have  not  been  de- 
vastated, their  production  is  suffering  most  seriously  from  other 
causes.  In  central  Europe,  owing  to  military  and  political  condi- 
tions, the  situation  is  in  a  dreadful  tangle.  In  Westphalia  there 
have  been  numerous  strikes  and  troubles,  and  the  output  has  been. 


7/6 


George  S.  Rice. 


[J.  F.  I. 


so  reduced  that  Germany,  has  been  unable  to  supply  Switzerland 
and  Holland  at  its  doors. 

In  England  the  lessening  of  hours  of  employment  has  reduced 
the  year's  production  about  60  million  tons;  the  exports,  amount- 
ing to  77,000,000  tons  in  191 3,  have  been  but  35  million  tons  and 
were  obtained  by  curtailing  home  consumption. 

As  Mr.  Herbert  C.  Hoover  strikingly  pointed  out  in  a  coal 
conference  held  in  Paris  on  August  4,  the  rate  of  Europe's  produc- 
tion at  that  time  w^as  only  443,000,000  tons,  which  is  only  two- 
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Systematically  destroyed    Micheville   Steel  Works   in   the    Bricy   district,    France.      The  only 
converter  not  shipped  to  Germany 

thirds  of  normal  on  a  prewar  basis  and  this  would  mean  a  defi- 
ciency of  171,000,000  tons.  All  of  Europe  does  not  need  coal  at 
prewar  rate  at  this  time,  but  the  fuel  needs  of  France  are  serious. 
Numerous  estimates  have  been  made  which  differ  materially 
from  one  another  according  to  the  assumptions  made  of  consump- 
tion and  imports  available.  First,  regarding  consumption :  Will 
France  have  the  same  consumption  needs  as  before  the  war  or, 
because  of  the  destroyed  industries,  will  the  country  for  a  few 
years  recpiire  less  coal?  We  will  assume,  however,  that  the  con- 
sumi)ti()n,  not  including  that  of  restored  .\lsace  Lorraine,  will  be 
the  same  :  Coal,  coke,  and  I)ri(|uc(tes,  63,000,(^(00  tons,  metric.  The 
ne.xt  point  of  uncertainty  is,  what  arc  the  needs  of  Alsace  Lorraine. 
The  industries  in  these  provinces  were  not  destroyed  and  may 
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go  ahead  at  a  maximum  rate.  Lieutenant  Engel,  formerly  of  the 
French  High  Commission,  recently  detailed  in  the  Saar  basin,  has 
estimated  these  requirements  (which  are  the  same  as  submitted 
by  the  French  Commission  to  the  recent  international  trade  con- 
ference at  Atlantic  City)  at  11.000.000  tons.  This  makes  the 
total  requirements  for  new  France  about  74,000,000  tons. 

During  the  war  the  necessity  for  fuel  caused  the  coal  produc- 
tion in  other  basins  of  France  and  the  western  part  of  the  Pas-de- 
Calais  basin  to  be  raised  from  13.000.000  tons  in  1913  to  29,000- 
cxx)  in  1917.  During  the  past  winter  this  intensive  production 
fell  off  materially  and  is  now  at  the  rate  of  less  than  20,000,000 
but  is  slowly  improving  to  22.000.000  tons. 

Estimated  French  Production  and  Imports  for  Year  1919-1920. 

Tons  (metric)- 

Estimated  coal  production  of  French  mining,  say   22,000,000 • 

Estimated  surplus  from  the  Saar  fiscal  mines  and  Bavarian  mines 

in  the  Saar 7,500,000 

Lorraine  production   (extension  of  Saar  basin)    3,500,000 

Making  the  total  French  production   33,000,000 

Xecessarj-  coal  and  coke  exports  to  Italj^  and  Switzerland   ....  2,000,000 

Availal)le  for  French  consumption   31,000,000 

Total  French  shortage    43,000,000 

To  meet  this  deficit  Germany  is  under  obligation  to  furnish 
27,000,000  tons,  but  is  not  expected  (according  to  the  French 
Industrial  Commission  at  Atlantic  City)  to  be  able  to  supply 
this  coming  year  more  than*   15,000,000- 

Belgium  can  probably  supply  5,000,000 

The  French  Commission  at  Atlantic  City  expressed  the  hope 

that  England  might  be  able  to  supply 9,000,000 

The  deficit,  which  will  have  to  be  furnished  by  the  United  States, 
if  all    French   needs   are   met,   will  approximately   be    15.4 

million   short  tons   or    14,000,000 

Total  import  needs    43,000,000 

*  In  February  i()20.  press  dispatches  indicated  that  only  600,000  tons  per  month  were  being 
sent  bv  Germany  to  France.  French  production  for  calendar  year  1919,  i9,538,ooo  tons,  not 
including  Lorraine,  and  for  Lorraine  2,326,000  tons. 

PRESENT    FUEL    SITUATION    IN    FRANCE. 

On  account  of  the  difficult  fuel  situation,  the  French  Parlia- 
ment has  passed  a  law  extending  the  control  of  coal  distribution 
for  two  years,  or  until  the  end  of  192 1.  During  consideration 
of  the  measure,  M.  Locheur,  the  Minister  for  Reconstruction, 
stated  that,  although  not  desiring  to  be  pessimistic,  he  believed 
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the  crisis  would  persist  until  that  time.  He  pointed  out  that  at 
present  the  production  in  the  Saar  was  50  per  cent.,  that  of 
Westphalia  60  per  cent.,  and  of  the  whole  of  France  not  more 
than  70  per  cent,  of  the  previous  output,  omitting  the  wrecked 
mining  district.  Some  of  these  mines  have  evidently  been  in 
part  recovered  as  M.  Locheur  stated  they  were  now  producing 
at  the  rate  of  700,000  tons  annually. 

In  September  the  French  output  was  only  1,600,000  tons, 
which  was  less  by  600,000  tons  than  the  tonnage  raised  in  cer- 
tain months  during  the  war,  but  he  anticipated  a  steady  increase 
in  the  output  through  the  introduction  of  foreign  labor,  agree- 
ments having  been  arranged  with  Poland  and  Italy. 

Germany,  the  Minister  said,  was  now  sending  to  France 
20,000  tons  a  day.  This  would  be  at  the  rate  of  6  million  tons 
per  annum.  He  put  the  loss  to  France  alone,  through  strikes 
in  France,  England  and  Germany  at  no  less  than  7  million  tons. 

The  cost  of  the  various  coals  which  France  was  consuming 
was  as  follows  (September,  191 9)  : 

French   70  francs 

German    50  francs 

British   150  to  160  francs 

American    280  francs 

During  the  first  eight  months  of  the  present  year  (1919) 
French  coal  and  coke  imports  were  as  follows : 

Production  for  year  IQIO 
T,„„^,.^  .  First  8  months  Estimated  total  year 

imports .  -I-Q^j  -Ions 

Coal   10,510,146         15,700,000 

Coke 403,286  600,000 

Briquettes 942,198  1,400,000 

11,855,630  17,700,000* 
Exports: 

French  and  foreign  coal 1,152,585  1,700,000 

Coke    45.396  70,000 

Briquettes    52,802  80,000 

1,250,783  1,850,000 

Total  available  (imports  over  exports)  10,604,847         16,000,000 
*Echodes  Mines  reports  (Jan.,  1920)  imports  for  1919  were  18,601,000  tons. 

With  a  deficiency  of  43,000,000  tons,  unless  imports  are 
speeded  up,  it  is  evident  that  our  French  friends  must  go  without 
heat  in  their  homes  and  forego  many  things  that  are  regarded 
as  necessaries  of  modern  civili/ation. 


NOTE  ON  BRANNERITE.* 

BY 

ROGER    C.    WELLS,    Ph.D., 

U.  S.  Geological  Survey 

The  mineral  brannerite  described  in  a  recent  paper  in  this 
Journal^  was  carefully  tested  for  helium,  as  it  was  expected 
that  a  mineral  consisting  of  nearly  50  per  cent,  of  the  oxides  of 
uranium,  and  also  containing  thorium,  should  show  at  least 
a  trace  of  helium.  None  was  found,  however,  by  the  method 
employed.  It  was  found  that  some  sulphur  dioxide  was  pro- 
duced by  reaction  of  the  mineral  and  sodium  bisulfate,  and  after 
removing  this  with  a  solution  of  sodium  hydroxide,  the  remain- 
ing gas  did  not  show  the  characteristic  yellow  line  of  the  helium 
spectrum.  Shortly  after  the  paper  was  published  the  advantages 
of  purifying  the  evolved  gases  by  means  of  charcoal  and  liquid 
air  were  brought  to  the  attention  of  the  writer  by  Dr.  R.  B. 
Moore  of  the  Bureau  of  Mines,  and  it  seemed  desirable  to  repeat 
the  test,  using  this  method.  Some  highly  active  charcoal  was 
kindly  furnished  by  Prof.  A.  B.  Lamb  of  the  Fixed  Nitrogen 
Research  Laboratory,  American  University,  for  the  purpose. 
The  clean-up  of  the  gas  by  this  method  gave  a  decisive  result 
indicating  the  presence  of  helium,  which  places  the  mineral  in 
the  list  of  uranium  minerals  in  which  helium  has  been  identified. 
The  test  was  conducted  as  follows  : 

About  5  grams  of  brannerite  was  powdered  and  mixed  with 
previously  fused  sodium  bisulfate  in  a  hard  glass  tube  which  was 
connected  by  a  thick  rubber  tube  to  the  Topler  pump.  Between 
the  hard  glass  tube  and  the  pump  were  three  stopcocks,  and 
between  the  latter  were  sealed  the  tube  containing  the  charcoal 
and  a  spectrum  tube,  respectively.  The  system  was  evacuated 
until  a  pressure  of  alx)Ut  0.05  mm.  was  permanently  obtained 
while  the  charcoal  was  heated.  The  spectrum  tube  and  pump 
were  then  cut  ofif  leaving  the  stopcock  between  the  charcoal  and 
mineral  open  while  the  bisulfate  was  gently  fused.  The  tube  of 
charcoal  was  then  allowed  to  stand  in  liquid  air  for  about  half 

*  Published  by  permission  of  the  Director,  U.  S.  Geological  Survey. 
'  Hess  and  Wells,  this  Journal,  Feb.  1920,  p.  230. 
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an  hour  to  effect  a  clean-up  of  the  gas.  Finally  the  gas  was 
admitted  to  the  spectrum  tube  and  a  little  later  the  tube  was 
sealed  off. 

The  yellow  helium  line  showed  up  strongly  in  the  spectrum, 
and  several  other  lines  believed  to  belong  to  helium  were  noted. 
These  observations  were  made  with  a  spectroscope  having  an. 
illuminated  scale  and  the  wave-lengths  were  read  from  a  curve 
l3ased  on  some  familiar  flame  spectra.  The  method  does  not 
give  more  than  three  significant  figures.  The  values  found 
ascribed  to  helium  were  6660,  5880,  (yellow  line),  5030.  4720, 
and  4470.  Two  lines,  6545  and  4870  may  represent  hydrogen, 
whereas  6070,  5620,  and  5200  are  believed  to  belong  to  carbon. 
Among  other  lines  noted  but  not  placed  are  5470  and  7000.  The 
spectrum  may  be  examined  more  carefully  later  if  it  should 
appear  desirable  but  the  first  object  in  view  \\'as  to  establish  the 
presence  of  helium. 

At  the  conclusion  of  the  experiment  it  was  found  that  approxi- 
mately half  of  the  mineral  taken  was  decomposed  by  the  short 
fusion  with  the  bisulfate. 


Peat.  {U .  S.  Geological  Survey,  Press  Bulletin  No.  443.) — The 
uses  of  peat  are  numerous  and  varied.  In  the  countries  of 
northern  Europe  it  is  used  for  fuel  and  as  the  basis  for  many 
manufacturing  industries.  Gas,  charcoal,  coke,  and  a  number  of 
valuable  by-products  are  produced  from  it.  Owing  to  the  scarcity 
of  raw  materials  in  Europe,  peat  and  peat  moss  are  also  employed 
as  substitutes  for  absorbent  cotton  in  the  preparation  of  surgical 
<lressings,  for  wood  and  for  cotton  and  woollen  cloth. 

In  the  United  States  peat  is  utilized  chiefly  as  fertilizer  and 
fertilizer  filler,  as  stable  litter,  and  as  an  absorbent  for  the  uncrys- 
tallized  residues  of  beet  and  cane  sugar  refineries  in  the  manufac- 
ture of  stock  feed. 

Peat  has  long  been  used  in  fertilizing  the  soil,  having  been 
either  applied  as  a  direct  fertilizer  or  used  as  a  filler  for  commer- 
cial fertilizer.  Analyses  of  the  peats  of  the  United  States  show 
an  average  nitrogen  content  of  about  2  per  cent.,  a  proportion 
somewhat  higher  than  that  found  in  some  commercial  fertilizers. 
The  value  of  peat  in  soil  fertilization  is  found  in  its  nitrogen 
content  and  in  the  beneficial  mechanical  effect  it  produces  upon 
certain  lands.  ]^)lack,  thoroughly  decomposed  peats  are  most  sat- 
isfactory for  fertilizer,  as  such  peats  are  generally  heavier  and 
more  compact  and  contain  more  nitrogen  and  less  fibrous  mate- 
rial than  tiic  brown  types. 
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PICNOMETER  FOR  DETERMINATION  OF  DENSITY  OF 
MOLASSES/ 

By   W.   B.   Newkirk. 

[abstract.] 

The  determination  of  the  density  of  molasses  has  been  very 
inaccurate  in  previous  times.  The  difficulties  which  are  the  cause 
of  these  inaccuracies  are  the  high  viscosities  in  the  molasses,  the 
dissolved  gases  which  it  contains,  and  the  included  air  which  is 
introduced  in  mixing. 

A  picnometer  bottle  was  designed  to  overcome  these  diffi- 
culties. The  volume  of  the  picnometer  was  controlled  as  in  the 
picnometer  of  Johnson  and  Adams.^  To  thfs  bottle  was  attached 
an  expansion  chamber  designed  by  an  anonymous  writer  ^  and 
to  the  expansion  chamber  was  fitted  a  connection  leading  to  a 
vacuum.  In  operation,  all  ground  glass  joints  are  lubricated  with 
the  sample  to  l3e  analyzed.  The  picnometer  and  expansion  cham- 
ber are  filled  until  the  expansion  chamber  is  about  one-third  full. 
Sufficient  vacuum  is  then  applied  to  liberate  all  the  gases  con- 
tained in  the  sample.  The  apparatus  is  then  sealed  from  the 
vacuum  source  and  allowed  to  remain  until  all  the  gas  has  arisen 
to  the  expansion  chaml^er.  The  volume  is  then  fixed  under  stand- 
ard conditions.  Results  from  the  use  of  this  picnometer  are  such 
that  agreements  within  a  few  hundredths  degrees  Brix  can 
l)e  obtained. 

It  was  found  that  heating  causes  some  unknown  decomposi- 
tion to  take  place,  changing  the  density  of  the  resulting  molasses. 
The  vacuum,  when  sealed  shortly  after  applying,  causes  no  de- 
composition and  permits  a  perfect  separation  of  the  gases  con- 
tained in  the  sample.  Several  experiments  are  given,  showing  the 
accuracy  with  which  analysis  can  be  made. 

*  Communicated  by  the  Director. 

*  Technologic  Paper  No.  i6i. 

^  Jour,  of  Am.  Cheni.  Soc,  34,  566,  191 2. 

'International  Sugar  Journal,  15,  p.  489,  1913. 
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A  NEW  SPECTRO-PYRHELIOMETER  OF  THE  MEASUREMENTS 

OF  THE  COMPONENT  RADIATIONS  FROM  THE  SUN  AND 

FROM   A    QUARTZ    MERCURY    VAPOR   LAMP/ 

By  W.  W.  Coblentz  and  H.  Kahler. 

[abstract.] 

In  this  paper  a  new  spectro-pyrheliometer  is  described,  and 
data  are  given  showing  the  applicability  and  the  performance 
of  the  instrument. 

The  apparatus  consists  of  a  quartz  spectrograph  and  a  cylin- 
drical condensing  lens,  placed  upon  a  simple  equatorial  mounting. 
The  collimating  telescope  is  pointed  directly  at  the  sun,  thus  avoid- 
ing the  ultra-violet  absorption,  which  occurs  in  heliostat  mirrors. 
The  radiometric  measurements  were  made  by  means  of  a  bismuth- 
silver  thermopile  of  special  design. 

Data  are  given  on  the  relative  components  of  the  infra-red, 
visible,  and  ultra-violet  radiation  from  the  sun  and  from  a  quartz 
mercury  arc  lamp ;  j^lso  data  on  the  ultra-violet  component  radi- 
ation from  a  gas-filled  tungsten  lamp,  the  iron  arc  and  the  carbon 
arc.  These  data  are  of  interest  in  dye-fading  and  other  photo- 
chemical tests. 

In  two  appendices,  methods  are  given  for  excluding  ultra- 
violet light  from  buildings  {e.g.,  balloon  hangars)  and  for  pro- 
tecting projection  lantern  films  from  the  heat  of  the  lamp. 


NOTES  ON  THE  CRITICAL  RANGES  OF  SOME  COMMERCIAL 
NICKEL-STEELS." 

By  H.  Scott. 

[abstract.] 

■  The  transformations  in  some  commercial  nickel  steels  have 
been  studied  by  means  of  thermal  analysis.  The  Ac;,  transforma- 
tion, the  temperature  of  which  is  of  direct  practical  value  in  heat- 
treatment  specifications,  is  also  the  most  difficult  to  definitely 
locate.  It  is  found  that  slow  rates  of  heating  give  better  defini- 
tion of  this  point  and  that  the  end  of  the  Ac.5  range,  as  interpre- 
ted   from    the   thermal    curves,    corresponds    to    the    minimum 

'Scientific  Paper  No.  378. 

"Scientific  Paper  No.  376. 
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temperature  at  which  all  the  ferrite  is  in  solution.  The  effect  of 
rate  of  temperature  change  and  of  nickel  content  on  the  critical 
ranges  of  the  steels,  which  approximate  0.40  per  cent.  C  content, 
is  shown  in  curves,  and  the  effect  of  nickel  and  carbon  on  the  end 
of  Acg  is  deduced  from  the  data  obtained  and  that  of  other  ob- 
ser\-ers  whose  work  is  discussed.  The  effect  of  nickel  on  the  A^ 
transformation  is  to  lower  Acj  by  10.5°  C.  and  Ar^  by  21.5°  C. 
for  each  i  per  cent,  nickel  over  the  range  o  to  4  per  cent,  nickel. 
The  eutectoid  ratio  is  also  decreased  by  0.42  per  cent.  C.  for  each 
I  per  cent,  nickel  added  over  the  same  range. 


THE    POROSITY   AND   VOLUME   CHANGES    OF   CLAY   FIRE 
BRICKS  AT  FURNACE  TEMPERATURES." 

By  George  A.  Loomis. 

[abstract.] 

This  paper  deals  with  the  permanent  changes  in  porosity  and 
volume  of  clay  fire  bricks  when  reburned  to  temperatures  at  or 
above  those  to  which  they  were  originally  fired.  These  were 
measured  for  a  series  of  temperatures  to  determine  what  relation, 
if  any,  might  exist  between  these  changes  and  the  deformation  of 
the  same  bricks  under  load  at  furnace  temperatures.  The  possi- 
bility of  such  a  relation  is  suggested  by  the  fact  that  contraction 
of  clay  on  heating  and  decrease  in  porosity  are,  to  a  certain  extent, 
indications  of  the  amount  of  softening  of  the  mass  due  to  the 
action  of  fluxes  present  and  hence  indicative  of  decreased  resist- 
ance to  deformation  under  pressure  or  decreased  viscosity.  Soft- 
ening point  determinations  were  also  made  to  determine  what 
relations  these  might  bear  to  the  results  of  the  load  test. 

The  results  of  tests  on  a  large  number  of  clay  fire  bricks  from 
various  parts  of  the  country  show  that  bricks  which  withstand 
a  load  test  of  40  pounds  per  square  inch  at  1350°  C.  without 
marked  deformation  show  no  marked  chang-es  in  porosity  or 
volume  up  to  1425°  C.  Bricks  which  do  not  withstand  the  test 
generally  show  appreciable  contraction  or  expansion,  accom- 
panied by  considerable  decrease  in  porosity.  Bricks  which  showed 
overburning  and  the  development  of  vesicular  structure  below 
1425°  C,  by  marked  expansion  or  increase  in  porosity,  invariably 

'Technologic  Paper  No.  159. 
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failed  under  load.  In  general,  bricks  which  show  a  decrease  in 
porosity  exceeding  5  per  cent,  or  a  volume  change  exceeding  3  per 
cent,  (amounting  to  approximately  i  per  cent,  in  linear  dimen- 
sions) when  refired  to  1400°  C.  fail  to  pass  the  load  test. 

No  definite  relation  could  be  determined  between  the  soft- 
ening point  of  a  brick  and  its  ability  to  withstand  pressure  at 
high  temperature.  All  bricks  softening  below  cone  28  failed 
completely  in  the  load  test.  Some  showing  quite  high  softening 
points  also  failed,  probably  due  to  the  use  of  an  inferior  bond  clay 
in  the  mixture  or  too  small  an  amount  of  bonding  material. 


THE   EFFECTS    OF   OILS,   GREASES,   AND   DEGREE    OF   TAN- 
NAGE ON  THE  PHYSICAL  PROPERTIES  OF  RUSSET 
HARNESS  LEATHER.' 

By  R.  C.  Bowker  and  J.  B,  Churchill. 

[abstract.] 

Technologic  Paper  No.  160  of  the  Bureau  of  Standards 
contains  a  description  of  methods  used  and  presents  the  results 
obtained  in  an  investigation  to  determine  the  effects  of  the  use 
of  animal  and  mineral  oils,  uf  the  amount  of  stuffing  content, 
and  of  the  degree  of  tannage  on  the  physical  properties  of  russet 
harness  leather. 

Three  hides  were  prepared  for  the  work,  one  for  each  test 
as  mentioned  above.  The  method  of  using  double  backs  was 
used  so  that  when  split  and  each  back  was  given  its  special  finish- 
ing treatment  the  two  leathers  compared  would  come  from  the 
same  hide.  The  hide  used  for  studying  the  effect  of  the  amount 
of  stuffing  content  on  the  physical  properties  consisted  of  one 
back  which  contained  an  average  of  10.7  per  cent,  and  one  back 
which  contained  an  average  of  23.35  P^''  cent.  To  study  the 
effects  of  the  degree  of  tannage  on  the  physical  properties,  a  hide 
was  split  during  the  tanning  process  and  one  back  was  removed 
while  the  other  was  allowed  to  remain  in  the  vat  a  month  longer. 
Both  backs  were  fini.shed  in  the  same  manner.  The  hide  used  to 
study  the  effects  of  the  use  of  animal  and  mineral  oils  on  the 
physical  properties  consisted  of  one  back  stuffed  with  a  mixture 

'Technologic  Paper  No.  160. 
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of  50  per  cent,  cod  oil  and  50  per  cent,  tallow  and  one  back 
stuffed  with  a  mixture  of  50  per  cent.  Breton  mineral  oil  and 
50  per  cent,  tallow. 

The  experimental  work  consisted  of  a  series  of  tensile 
strength,  percentage  stretch,  buckle  strength,  and  chemical  tests 
from  definite  locations  on  the  hide.  Results  are  presented  which 
show  the  variation  in  the  physical  properties  over  the  hide  and 
also  the  variation  of  the  stuffing  content  over  the  hide.  The  man- 
.  ner  in  which  the  physical  properties  are  aff'ected  by  the  treatment 
of  the  leather  is  discussed  in  detail. 

The  results  of  the  test  indicate  that  the  amount  of  stuffing 
content  up  to  a  certain  limit  will  serve  to  increase  the  strength  of 
the  leather  after  which  it  does  not  have  this  effect  and  may  serve 
to  decrease  the  strength.  It  is  also  shown  that  the  leather  given 
a  longer  tannage  has  a  lower  tensile  strength  but  will  have  a 
greater  resistance  to  shearing  action.  The  results  of  the  test  to 
show  the  effects  of  the  use  of  animal  and  mineral  oils  in  the 
stuffing  showed  that  there  were  no  appreciable  effects  on  the  physi- 
cal properties  of  the  new  leather. 


THE  INTERCRYSTALLINE  BRITTLENESS  OF  LEAD.' 
By  Henry  S.  Rawdon. 

[abstr.\ct.] 

Sheet  lead  sometimes  assumes  a  very  brittle  granular  form 
during  service,  due  to  corrosion.  An  explanation  which  has 
been  oft'ered  by  previous  investigators  for  this  change  in  prop- 
erties is  that  it  is  due  to  an  allotropic  transformation,  the  product 
resulting  from  the  change  being  analogous  to  the  well-knowai 
"  gray  tin."  Contact  with  an  electrolyte,  particularly  a  weak  acid 
solution  of  a  lead  salt,  has  been  claimed  to  be  the  agency  by  which 
the  transformation  is  brought  about. 

Metallographic  examination  of  the  granular  "  allotropic " 
lead  shows  that  each  grain  has  the  characteristic  properties  of 
the  ordinary  form  of  lead.  The  intercrystalline  cohesion  of  the 
grains  for  one  another,  however,  has  been  so  weakened  that  the 
material  has  a  granular  appearance. 

'  Scientific  Paper  No.  377. 
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The  rate  at  which  the  intercrystalHne  brittleness  is  brought 
about  is  proportional  to  the  amount  of  impurities  and  to  the  con- 
centration of  acid-  in  the  sohition  in  which  the  lead  is  placed. 
Practically  all  the  impurities  which  are  found  in  lead  are  lodged 
in  between  the  grains.  The  preferential  attack  by  the  corroding 
agent  for  these  impurities  and  perhaps  also  for  the  "  amorphous 
intercrystalline  cement  "  accounts  for  the  brittleness  produced. 
Investigation  showed  that  specimens  of  exceptionally  pure  lead 
(99.993  per  cent),  when  immersed  for  24  days  in  a  neutral  solu- 
tion of  lead  acetate,  l:>ecame  appreciably  embrittled  by  the  forma- 
tion of  minute  intercrystalline  fissures.  No  evidence  of  the  exist- 
ence of  an  allotropic  form  of  lead  similar  to  gray  tin  could 
be  obtained. 


Milk  Products  in  America  and  Europe. — A  recent  investiga- 
tion of  this  held  is  given  in  a  report  by  W.  Dempster,  published 
in  the  Neiv  Zealand  Journal  of  Agriculture,  1920,  xx,  97-109.  Alilk 
powder  is  manufactured  by  the  use  of  heated  rolls,  or  by  spray- 
ing the  previously  concentrated  milk  into  a  hot  chamber.  In 
addition  to  its  other  uses  in  the  food  industries,  skim  milk  pow- 
der or  dried  skim  milk  is  used  with  butter  in  reconstituting  milk 
and  cream  during  seasons  of  scarcity  of  fresh  milk.  In  the  manu- 
facture of  reconstituted  cream,  the  proper  amounts  of  skim  milk 
powder  and  water  are  placed  in  a  jacketed  vat  and  are  intimately 
mixed  b)^  a  propeller  which  revolves  at  a  high  speed.  The  speed 
is  reduced,  the  proper  amount  of  butter  added,  and  the  tempera- 
ture of  the  mixture  gradually  raised  to  145°  F.,  kept  constant  for 
twenty  to  thirty  minutes,  then  lowered  to  135°  F.  The  mixture  is 
next  put  through  a  homogenizer,  and  immediately  cooiled  to  45°  F. 
In  reconstituting  milk,  the  skim  milk  powder  and  water  are  mixed 
as  just  described  ;  the  butter,  which  has  been  heated  to  a  tempera- 
ture of  120°  F.,  is  now  forced  through  a  spray  nozzle  which  lies 
beneath  the  surface  of  the  licpiid  ;  the  finely  divided  butter  fat  is 
uniformly  distributed  throughout  the  reconstituted  milk.  Whole 
milk  powder  apparently  does  not  keep  well ;  it  seems  to  require 
cold  storage,  e.g.,  o  to  -8°  F.,  for  its  preservation.  During  the 
war,  the  production  of  lactose  or  sugar  of  milk  increased  enor- 
mously, since  large  amounts  of  that  compound  were  used  in  the 
manufacture  of  smoke-shells.  The  casein  industry  of  America 
centres  in  Philadelphia;  this  milk  i)rotein  may  be  used  as  the 
basis  of  paints,  which  may  be  ])ro(luccd  in  any  desired  color, 
witlistaiul  water,  and  retain  their  color.  The  shortage  of  butter 
in  l^ngland  increased  the  demand  for  sweetened  condensed  milk,, 
winch  was  eaten  spread  on  bread. 

J.  S.  H. 
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NOTE   ON   THE   EFFECT   OF   LACK   OF   WHITENESS   IN   THE 
PAINT  AND  WINDOW  OF  THE  ULBRICHT  SPHERE. 

By  F.  E.  Cady. 

The  theory  of  the  Ulbricht  sphere  as  used  in  deterniiiiing  the 
mean  spherical  caiidlepower  of  lamps,  calls  for  an  inner  surface 
which  IS  perfectly  diitusing  and  non-selective  as  to  color.  These 
conditions  are*  only  approximated  in  spheres  as  actually  con- 
structed and  used.  Aiost  white  paints  change  their  color  with 
age,  and  it  seems  desirable  to  know  how'  much  error  an  appre- 
ciable dei)arture  from  whiteness  will  cause  when  measuring 
lamps  diflering  in  integral  color  value,  as  for  instance  in  compar- 
ing gas-filled  tungsten  lamps  with  vacuum  tungsten  lamps. 

A  test  of  this  effect  was  made  using  an  8o-inch  sphere,  with 
a  painted  inner  coating  such  that  its  color  differed  from  white  as 
much  as  a  tungsten  lamp  would  change  in  color  if  operated  at  a 
temperature  approximately  200°  lower  than  normal.  The  win- 
dow of  the  sphere  had  a  selective  transmission  which  changed  the 
color  of  the  transmitted  light  by  approximately  the  same  amount. 
Two  different  methods  w^ere  used.  One  consisted  in  determining 
the  mean  spherical  candlepower  of  some  lamps  colored  so  as  to 
have  their  light  match  that  of  a  kerosene  flame,  in  terms  of  nor- 
mal vacuum  tungsten  lamps,  first  with  an  ordinary  photometer 
and  then  in  the  sphere.  The  other  method  consisted  in  getting 
the  ratio  of  a  colored  lamp  to  a  normal  vacuum  lamp,  each  having 
been  previously  measured  in  terms  of  a  comparison  lamp  of 
the  same  color.  ^Measurements  were  made  on  the  regular  pho- 
tometer and  in  the  sphere. 

The  results  showed  an  error  due  to  the  selectivity  of  the  paint 
and  the  window  of  4.5  per  cent,  by  the  first  method  and  5.0  per 
cent,  by  the  second.  Part  of  the  small  discrepancy  could  be  ac- 
counted for  by  aging  of  the  paint  during  the  month  or  so  which 
elapsed  l^etw^een  the  tests  by  the  two  methods.  It  is  concluded 
that  where  the  color  differences  are  not  more  than  those  occurring 
in  the  measurement  of  gas-filled  lamps  in  terms  of  vacuum  lamps, 
the  paint  can  depart  appreciably  from  whiteness  without  causing 
a  very  large  error. 

*  Communicated  by  the  Director. 
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NOTE  ON  SPEED  OF  FLASHING  OF  INCANDESCENT 

SIGNAL  LAMPS. 

By  A.  G.  Worthing. 

A  portion  of  a  study  of  the  theory  of  signaHng  units  involv- 
ing incandescent  lamps,  which  was  undertaken  in  response  to  a 
request  from  the  National  Research  Council  and  the  U.  S.  Signal 
Corps  for  the  development  of  a  unit  for  use  in  daylight  signaling 
is  herein  given. 

Filament  Characteristics  Involved. — Various  factors  involv- 
ing speed  where  the  telegraphic  dot  and  dash  signals  are  produced 
by  the  flashing  of  an  incandescent  lamp,  are  discussed  in  a  broad 
w^ay  in  a  contrast  of  tungsten  with  carbon  for  filament  material. 
Most  important  are  ( i )  the  change  in  resistance  with  change  in 
temperature,  (2)  the  quantity  of  energy  required  to  heat  the 
filament  through  a  given  temperature  range,  (3)  the  total  emis- 
sive power  of  the  filament  material,  (4)  the  maximum  tempera- 
ture of  a  flash,  and  (5)  the  efficiency  of  the  radiation  in  producing 
vision.  For  lamps  of  equal  voltage,  life  and  luminous  flux,  tung- 
sten is  favored  during  the  heating  portion  of  a  flash  by  a  factor 
of  six  or  seven. 

Observed  Speeds  and  Their  Comparison  with  Expected 
Values. — A  photometric  method  of  studying  the  performance  of 
lamps  on  flashing  is  described  and  the  results  obtained  with  vari- 
ous lamps  are  presented.  These  are  compared  with  computed 
values  based  on  steady  current  measurements  and  the  supposition 
that  a  lamp  filament  on  heating  or  cooling  passes  through  a  suc- 
cession of  steady  states.  The  agreement  is  quite  satisfactory, 
when  there  is  excepted  the  case  of  a  filament  immersed  in  hydro- 
gen, where  the  discrepancy  may  be  ascribed  to  ionization  efifects. 

Speed  Functions. — Tt  is  further  shown  that  a  simple  function 
involving  only  steady  current  measurements  of  wattage,  resist- 
ance and  temperature  in  the  neighborhood  of  the  maximum 
temperature  of  a  flash,  together  with  the  thermal  capacity  of  the 
filament,  will  serv^e  quite  accurately  in  rating  various  lamps  as  to 
their  flashing  speeds. 

Some  Fundamental  Generalisations. 

( I )   The  time  required  for  a  filament  to  heat  to  approximately 

its  maximum  brightness  exceeds  greatly  the  time  required 

in  cooling  to  effectively  zero  brightness. 
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(2)  The  higher  the  maximum  temperature  of  a  flash,  the  greater 

is  the  sj>eed  of  the  flash. 

(3)  The  smaller  the  filament,  the  greater  is  the  speed  of  the 

flash. 

(4)  The  less  the  resistance  in  a  circuit  external  to  the  flashing 

lamp,  the  greater  is  the  speed  of  the  flash. 

(5)  The  speed  of  flashing  for  a  given  filament  at  a  given  tem- 

perature in  various  atmospheres — including  in  vacuO' — is 
the  greater,  the  greater  the  gas  loss. 

(6)  For  lamps  of  the  same  open  filament  construction  in  various 

atmospheres,  such  that  they  possess  the  same  luminous 
flux  and  the  same  average  life  at  the  same  fixed  voltage,  the 
speed  of  flashing  is  the  greater,  the  greater  the  gas  loss. 

Ribbon  Filaincnts  l\''rsus  Wire  Filaments. — Due  to  the  quan- 
tity of  material  in  a  ribbon  filament  being  much  less  than  that  in 
an  equivalent  wire  filament,  one  should  expect  in  going  from  a 
wire  filament  to  a  ribten  filament,  either  a  considerable  increase 
in  signaling  speed,  or,  without  a  reduction  in  speed  in  gas-filled 
lamps,  a  possibility  of  change  in  atmosphere  to  one  involving  a 
decreased  gas  loss  (higher  efficiency).  A  contrast  of  a  lamp 
containing  a  ribbon  filament  in  argon  as  proposed  by  the  Nela 
Research  Laboratory  in  response  to  the  request  noted  above, 
with  that  lamp  which  was  its  nearest  competitor  indicated  speeds 
and  efficiencies  in  favor  of  the  former  lamp  of  the  order  respec- 
tivelv  of  1.6  and  i.2q. 


The  Detection  of  Finger  Prints  on  Documents. — C.  Ains- 
woKTH  Mitchell  (Analyst,  1920,  vol.,  xlv,  122)  has  made  an  ex- 
tensive study  of  the  methods  of  rendering  finger  prints  more 
conspicuous.  The  extensive  adoption  of  the  finger-print  method 
of  identifying  human  beings  has  led  to  a  stereotyping  of  the 
methods  and  tended  to  discourage  experimental  investigation. 
Mr.  Mitchell  commends  the  comparison  method  introduced  by 
A.  S.  Osborn,  of  New  York  City,  by  which  the  resemblances  are 
clearly  shown  by  photographs  beneath  small  squares  of  ruled 
glass.  A  point  brought  in  the  present  paper  is  the  persistence  of 
the  characteristic  papillary  ridges  throughout  a  long  life,  in  con- 
nection with  which  statement  two  pictures  are  shown,  being 
finger  prints  of  Sir  William  Herschel  in  1861  and  1914,  respec- 
tively. The  latter  print  shows  marked  weathering  of  the  ridges  and 
some  transverse  cracks  due  to  age,  but  the  patterns  agree  in  all 
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essential  details.  It  was  Herschel  who  first  introduced  the  use  of 
finger  prints  as  a  safeguard  on  documents,  but  the  first  syste- 
matic investigartion  of  the  subject  and  the  use  of  accidental  prints 
as  a  means  of  identifying  individuals,  is  due  to  Dr.  Henry 
Faulds,  whose  work  has  been  generally  overlooked.  Faulds  paid 
special  attention  to  the  question  of  "  developing  "  the  prints,  and 
suggested  the  use  of  certain  reagents.  The  points  on  which  there 
has  been  heretofore  but  little  positive  information  are:  (i)  The 
most  suitable  method  for  detecting  latent  prints,  such  as  those  on 
a  book.  (2)  After  what  period  of  time  is  it  possible  to  detect  the 
marks  on  different  qualities  of  paper.  The  marks  made  even  by 
heavy  pressure  upon  the  leaves  of  a  book  cannot,  as  a  rule,  be 
shown  up  directly  by  photography  with  oblique  illumination,  and 
some  method  of  increasing  the  contrast  is  required. 

The  English  official  method  is  to  dust  the  surface  with  a  very 
fine  powder,  light  or  dark,  according  to  conditions.  A  mixture  of 
chalk  and  the  "  gray  "  powder  of  the  pharmacist  (a  form  of  mer- 
cury) is  used  for  dark  surfaces,  and  finely  powdered  graphite  for 
light  surfaces.  Faulds  found  that  a  mixture  of  fine  graphite  and 
lampblack  gave  excellent  results.  Stokis  recommended  lyco- 
podiuni  with  10  per  cent,  of  Sudan  red.  The  results  with  these 
methods  depend  much  upon  the  nature  of  the  paper.  With  highly 
glazed  paper  the  prints  seem  to  be  fairly  permanent,  and  Mitchell 
has  developed  them  satisfactorily  with  methylene  blue  after  three 
years.  Highly  sized  and  clayed  papers  are  less  liable  to  retain 
the  impressions. 

Since  the  prints  always  contain  minute  amounts  of  organic 
matter,  especially  fatty  matters,  osmic  acid  has  been  suggested  as 
a  developer,  and  has  been  found  efficient  in  many  cases.  MitchoU 
uses  a  I  per  cent,  solution  in  water,  brushed  over  the  print  and  then 
exposed  to  sunlight,  by  which  the  ridges  become  dark,  while 
the  furrows  are  not  colored.  The  method  is  less  effective  after 
long  periods.  Ink  has  been  used  as  a  developer,  but  conflicting 
results  have  been  obtained  by  different  investigators,  due  prob- 
ably to  the  great  dififerences  in  commercial  ink.  Mitchell  recom- 
mends a  standard  ink  made  by  diluting  2  c.c.  of  the  standard 
osmic  acid  reagent  for  microscopy  with  an  equal  volume  of  water 
and  adding  0.05  gram  of  i)yrogallol.  The  li(|uid  is  ready  for  use  at 
once,  and  sliouUl  be  s])rcacl  over  the  paper  with  a  soft  brush. 

Mitchell  found  that  one  of  the  most  sensitive  reagents  is 
iodine  vapor,  thus  confirming  results  that  had  been  previously 
obtained  by  other  investigators.  The  prints  so  l)rought  out  are, 
however,  fugitive  and  not  easy  to  photograph.  Mercuric  iodide 
vapor  was  found  to  be  better.  The  vapor  of  osmic  acid  is  a  very 
active  developer,  and  is  ])articularly  efficient  in  bringing  out  the 
relations,  size,  and  other  data  concerning  the  pores,  a  feature 
which  has  been  especially  applied  by  Dr.  Locard,  of  Paris. 

ILL. 
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STUDIES   IN    NUTRITION.      II:   THE    ROLE    OF   CYSTINE    IN 
NUTRITION   AS  EXEMPLIFIED   BY   NUTRITION   EX- 
PERIMENTS WITH  THE  PROTEINS  OF  THE 
NAVY  BEAN,  PHASEOLUS  VULGARIS/ 

By  Carl  O.  Johns  and  A.  J.  Finks. 
[abstract.] 

XuTRiTiox  experiments  with  the  proteins  of  the  navy  bean, 
Phascolus  vulgaris,  show  that  they  are  deficient  in  cystine.  Nor- 
mal growth  is  produced  if  2  per  cent,  of  cystine  is  added  to^  cooked 
phaseohn,  the  chief  protein  of  the  navy  bean,  or  to  cooked  navy 
bean  meal,  if  an  amount  of  cystine  equivalent  to  2  per  cent,  of 
its  protein  content  is  added,  when  these  furnish  the  sole  source  of 
protein  in  an  otherwise  complete  diet.  Neither  uncooked  phase- 
ohn nor  navy  bean  meal  furnishes  adequate  protein  for  growth, 
even  when  cystine  and  the  non-protein  dietary  essential  are  added. 
Cystine  is  thus  shown  to  be  an  essential  amino-acid  for  nor- 
mal growth. 

THE  DETERMINATION  OF  IODIDE  AND  BROMIDE  IN 
MINERAL  WATERS  AND  BRINES.' 

By  W.  F.  Baughman  and  W.  W.  Skinner. 

[abstract.] 

Iodide  is  oxidized  to  iodate  by  potassium  permanganate  in 
slightly  alkaline  solution,  and  the  iodate  determined  iodometri- 
cally  by  adding  potassium  iodide,  acidifying  with  hydrochloric 
acid,  and  titrating  the  liberated  iodine  with  thiosulphate.  For  the 
bromide  determination  another  sample  which  should  not  contain 
more  than  o.i  gram  of  bromine  or  more  than  10  grams  of  total 
salts  is  taken.   The  iodine  is  removed  from  this  sample  by  oxidiz- 

*  Communicated  by  the  Chief  of  the  Bureau. 
^  Published  in  /.  Biol.  Chevi.,  41  (1920),  379-389. 
'Published  in  /.  Ind.  Eng.  Chevi.,  12  (1920),  358. 

791 


792  U.  S.   Bureau  of  Chemistry  Notes.  [/•  F- 1- 

ing  with  ferric  sulphate  and  distilHng  the  Hberated  iodine  with 
steam.  The  iodine  may  be  absorbed  in  a  potassium  iodide  solu- 
tion and  titrated  with  thiosulphate.  The  results  for  iodine  ob- 
tained by  this  method  are  not  as  accurate  as  those  obtained  by  the 
permanganate  method  (/.  Ind.  Eng.  Chem.,  ii,  1919,  563).  The 
residue  in  a  distilling  flask  is  emptied  into  a  beaker,  heated  to 
boiling,  and  the  iron  precipitated  with  ammonia  or  sodium  hy- 
droxide. The  iron  hydroxide  is  removed  by  filtration  and  washed 
with  hot  water.  The  filtrate  is  evaporated  to  dryness,  or  nearly 
so,  and  the  bromine  determined  in  the  residue  by  the  chromic  acid 
method  (/.  Ind.  Eng.  Chcm.,  11,  1919,  954)-  Results  of  deter- 
minations of  from  0.04  to  0.08  gram  of  iodine  as  iodide  and 
from  o.ooi  to  o.i  gram  of  bromine  as  bromide  in  the  presence  of 
10  grams  of  sodium  chloride  are  tabulated. 


STUDIES  IN   NUTRITION.     Ill:  THE   NUTRITIVE  VALUE   OF 
COMMERCIAL   CORN   GLUTEN   MEAL.= 

By  Carl  O.  Johns,  A.  J.  Finks,  and  Mabel  S.  Paul. 

[abstract.] 

Commercial  corn  gluten  meal  has  been  shown  to  contain  ade- 
c[uate  proteins  for  normal  growth,  but  it  is  lacking  in  water- 
soluble  vitamines.  This  deficiency,  however,  was  corrected  by 
the  addition  of  either  3  per  cent,  of  dried  brewer's  yeast  or  18  per 
cent,  of  whole  gound  yellow  cornmeal.  The  addition  of  cocoa- 
nut  press-cake  to  the  corn  gluten  meal  furnished  the  necessary 
water-soluble  vitamines,  as  well  as  a  ver}^  efticient  mixture 
of  proteins. 


Overseas  Touring  Exhibitions.  {Electrician,  March  26,  1920.) 
— For  the  purpose  of  Ijringing  British  goods  to  the  attention  of 
foreign  countries,  four  traveling  cxhil^itions  will  be  arranged. 
The  first  will  leave  England  in  June  of  this  year  and  will  return 
two  years  later  after  having  \isited  South  Africa,  Australia.  New- 
Zealand,  and  Canada.  Three  otiier  lours  will  go  to  the  United  States, 
the  Far  East,  and  South  America.  The  dis])lays  arc  to  be  on  view 
for  about  two  weeks  in  each  cit\-  where  a  halt  is  made. 

G.  F.  S. 

'  Published  in  /.  Bioi.  Chem..  41  (1920),  391-399- 
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THE  DETERMINATION  OF  MERCURY. 
By  C.  M.  Bouton  and  L.  H.  Duschak. 

The  volumetric  methods  for  the  determination  of  mercury 
described  in  the  hterature  permit  the  selection  of  a  variation  of 
about  1  mg.  of  Hg.  or  within  o. i  per  cent,  on  a  i-gram  sample. 
As  much  of  the  world's  supply  of  the  metal  is  obtained  from  ores 
carrying  less  than  i  per  cent,  mercury,  a  method  that  will  quickly 
and  accurately  determine  a  variation  of  less  than  i  mg.  Hg.  is 
greatly  to  be  desired.  Of  the  numerous  methods  tested  by  the 
investigators  of  the  Berkeley,  Calif.,  stations  of  the  Bureau  of 
Mines  in  connection  with  a  study  of  mercury  condenser  losses,  the 
method  of  titration  with  potassium  thiocyanate,  using  ferric 
sulphate  or  nitrate  as  an  indicator,  proved  to  be  the  only  one 
capable  of  the  desired  refinement.  The  titration  is  vitiated  by 
the  presence  of  any  halide;  therefore,  in  bringing  the  sample  into 
solution,  a  method  must  be  employed  which  absolutely  excludes 
all  halogen  compounds.  With  slight  modification,  the  method  can 
be  applied  to  the  determination  of  mercury  in  practically  any 
material,  including  that  containing  considerable  quantities  of  or- 
ganic matter.  Details  as  to  the  equipment  used,  analytical  pro- 
cedure, the  modifications  necessary  when  organic  matter  or  much 
sulphur  is  present,  procedure  for  assaying  a  filtered  precipitate, 
alternative  procedure  for  refractory  samples ;  and  the  results  of 
experimental  determination  of  distillation  procedure,  effects  of 
evolution  of  gas,  possibility  of  retention  of  mercury  by  the  charge, 
trial  assay  with  sulphur  and  organic  matter  present,  interfering 
elements,  and  titration  are  given  in  Technical  Paper  227  of  the 
Bureau  of  Mines.  With  readily  provided  facilities  one  oper- 
ator can  make  50  to  60  determinations  in  an  eight-hour  day, 
exclusive  of  the  time  required  for  preparing  the  sample.  Tech- 
nical Paper  22^  also  includes  a  bibliography  on  analytical  methods 
for  the  determination  of  mercury. 

*  Communicated  by  the  Director. 
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APPROVED  EXPLOSION-PROOF  COAL-CUTTING  EQUIPMENT. 
By  L.  C.  Ilsley  and  E.  J.  Gleim. 

The  chance  of  igniting  "fire  clamp,"  an  explosive  mixture  of 
methane  and  air,  is  the  greatest  at  the  working  face  is  a  coal  mine, 
where  coal-cutting  equipment  finds  its  only  use.  In  the  United 
States  the  development  of  apparatus  for  use  in  gaseous  mines 
has  been  associated  largely  with  coal-cutting  equipment  run  by 
electricity.  Direct-current  motors  and  alternating-current  motors 
of  the  slip-ring  type  when  running  usually  give  off  electric  arcs 
or  flashes  that  will  ignite  fire  damp.  Other  motors  that  have  no 
moving  electric  contacts  may  become  dangerous  through  accident, 
deterioration,  or  neglect.  Auxiliary  apparatus,  such  as  fuses, 
switches,  rheostats,  and  controllers,  may  arc,  flash  or  become 
heated  to  such  a  degree  that  fire  damp  can  be  ignited.  Such 
equipment  is  still  more  dangerous  when  worn  or  out  of  repair. 

Danger  of  causing  explosions  may  arise  from  lack  of  protec- 
tion, weak  mechanical  construction,  incorrect  ideas  of  what  con- 
stitutes adequate  protection,  amount  and  arrangement  of  internal 
unoccupied  space,  the  compression  of  the  gas  with  the  machine, 
and  the  percentage  of  gas  and  the  amount  and  distribution  of  coal 
dust.  The  chief  problem  of  the  manufacturer  of  apparatus  suit- 
able for  fire  damp  atmospheres  is  that  of  extracting  heat  from 
possible  explosive  flames  and  cooling  them  below  the  ignition 
temperature  of  methane  as  they  pass  through  the  openings.  Gas 
light  apparatus  is  not  practicable  for  mine  service,  l^ecause  of  the 
difilculty  of  inspection  and  making  renewals.  Totally  enclosed 
apparatus  has  the  advantages  of  simplicity  of  design,  slight  de- 
terioration, and  freedom  for  excessive  dust  troubles.  Partly 
enclosed  apparatus  is  provided  with  openings  in  which  are  placed 
heat-alxstracting  devices.  These  afford  a  certain  amount  of 
ventilation.  The  design  and  maintenance  of  safe  heat-abstracting 
devices  is  the  chief  problem  of  apparatus  of  this  class.  Schedule 
2A  of  the  Bureau  of  Mines,  stating  the  procedure  for  establish- 
ing a  test  of  permissil)le  explosion-proof  motors,  was  issued 
November  2,  IQ15,  and  the  investigation  made  under  its  regula- 
tions are  described  in  Bulletin  78  of  the  lUireau  of  Mines.  Tiiese 
include  tests  made  on  explosion-proof  motors,  coal-cutting  equip- 
ment and  locomotives. 
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MINING   AND    PREPARING   DOMESTIC    GRAPHITE    FOR 
CRUCIBLE  USE. 

By  Geo.  D.  Dub  and  F.  G.  Moses. 

Before  191 5  nearly  all  the  graphite  used  in  crucible  manu- 
facture in  the  United  States  was  imported,  the  small  domestic 
output  being-  used  for  lubricants,  paints,  foundry  facings,  and 
other  purposes,  but  the  combination  of  large  demand  for  crucibles 
and  the  short  life  of  crucibles  made  from  other  than  the  Klingen- 
berg  clay,  no  longer  attainable,  lead  to  its  use  in  greatly  increased 
quantities.  The  \\''ar  Industries  Board  finally  ruled  that  20  per 
cent,  domestic  flake  graphite  should  be  used  in  crucilile  mixture 
during  1918  and  25  per  cent,  during  1919.  Alabama,  New  York, 
Pennsylvania  and  Texas  were  the  principal  producing  states, 
there  being  thirty-nine  plants  in  three  counties  of  Alabama.  New 
York,  which  for  many  years  had  l^een  the  principal  source  of 
domestic  production,  had  only  three  mines  in  operation  in  191 8, 
having  yielded  first  place  to  Alabama.  In  Pennsylvania  five 
plants  were  in  operation  in  Chester  County.  While  in  Texas, 
three  properties  were  active,  in  1918,  in  the  central  region  between 
Llano  and  Burnet.  Details  as  to  these  operations,  methods  of 
concentration  of  the  ores,  the  preparation  of  domestic  graphite 
for  crucible  use,  are  given  in  Bulletin  112  of  the  Bureau  of 
Mines.  The  method  of  rapid  analysis  of  graphite  used  by  the 
Bureau  of  Mines  is  also  described.  There  are  four  methods  of 
concentrating  graphite  ores,  water  "  skin  flotation,"  the  pneu- 
matic process,  the  log-washer  process,  and  oil-froth  flotation. 
The  product  of  the  first  concentration  is  a  comparatively  low- 
grade  concentrate.  The  second  step,  finishing,  as  it  is  called,  is 
much  more  difficult  to  carry  out,  and  is  the  one  that  demands 
the  greatest  amount  of  investigation  and  improvement.  Much 
experimental  work  on  the  preparation  of  Alabama  graphite  was 
carried  on  at  the  Salt  Lake  City  station  of  the  Bureau  of  Mines 
by  F.  G.  Moses.  The  whole  success  of  a  finishing  process  depends 
on  the  removal  of  a  large  percentage  of  coarse  hard  impurities 
that  tend  to  cause  excessive  destruction  of  valuable  flake  in  the 
buhr-mill  grinding.  Details  as  to  the  investigations  and  the 
processes  recommended  are  given  in  the  bulletin  of  the  Bureau 
of  Mines  alreadv  referred  to. 
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Potash  Deposits  in  Spain.  {U.  S.  Geological  Survey  Press 
Bulletin,  No.  44^,  x\pril,  1920.) — Potash  deposits  were  discovered 
a  few  years  ago  in  the  Province  of  Barcelona,  Spain,  near  the 
villages  of  Suria  and  Cardona.  They  consist  of  irregular  beds  of 
carnallite  and  sylvinite  interbedded  with  rock  salt.  Explorations 
to  a  depth  of  several  hundred  feet  show  that  in  the  Suria  district 
potash  beds  occupy  an  area  of  not  less  than  75  acres  and  occur  at 
depths  from  125  to  200  feet.  The  average  combined  thickness  of 
the  carnallite  beds  is  estimated  to  be  about  56  feet,  and  of  the 
sylvinite  about  13  feet.  The  Cardona  upper  beds  are  interbedded 
with  gypsuni  and  clay,  but  the  lower  beds  contain  nearly  pure 
white  salt,  which  is  that  principally  mined.  After  the  discovery 
of  potash  at  Suria,  these  Cardona  beds  were  searched  for  potash, 
and  nearly  pure  sylvite  was  found.  Estimates  for  the  area  pros- 
pected place  the  quantity  of  carnallite  at  2,550,000  tons  and  of 
sylvinite  at  1,150,000  tons. 

Aluminum  honeycombs  are  frames  in  which  thin  strips  of 
aluminum  are  ingeniously  worked  into  the  shape  of  worker-cells. 
The  surface  of  these  cells  is  slightly  brushed  with  beeswax;  the 
bees  build  on  these  edges  until  the  combs  are  of  such  depth  as 
the  spacing  of  the  frames  will  permit.  The  metal  combs  are 
claimed  to  enable  a  greater  production  of  honey,  since  time  is 
saved  in  building  the  wax,  and  they  extract  cleaner  and  do  not 
break.  In  experiments  on  aluminum  honeycombs,  conducted  by 
G.  V.  Westbrooke  {New  Zealand  Journal  of  Agriculture,  1920,  xx, 
118-119),  light  honey  was  readily  extracted  from  the  combs.  In 
combs  with  thick  honey,  when  extra  speed  was  applied  to  the 
extractor,  most  of  the  honey  was  obtained;  only  a  few  cells  re- 
tained a  small  amount ;  the  combs  showed  no  signs  of  breaking 
in  si)ite  of  the  high  speed  of  the  extractor. 

J.S.H. 

The  Output  in  Sawing  Metals  by  Hand.  Cii.  Fremont. 
(Comptes  Rendus,  March  22.  1920.) — It  takes  less  time  to  saw -a 
rectangular  bar  of  steel  when  the  saw  is  moved  parallel  to  the 
shorter  side  of  the  rectangle  than  when  it  moves  parallel  to  the 
longer  side.  Further,  the  output  grows  less  as  the  length  of  the 
saw  cut  lengthens.  The  same  workman  who  sawed  the  steel  of 
a  rail  at  the  rate  of  3.4  sq.  cm.  per  minute  when  the  cut  was  i  cm. 
long,  dropped  to  1.25  sq.  cm.  when  the  cut  was  10  cm.  in  length. 
The  output  per  minute  decreased  regularly  by  .25  sq.  cm.  for  each 
increase  of  I  cm.  in  the  length  of  the  cut. 

When  the  end  of  the  saw  away  from  the  workman  was  sup- 
])ortcd  not  by  his  hand  but  by  a  simple  pendular  device  it  was 
found  that  the  time  recpiired  for  sawing  was  shortened,  a  thinner 
blade  could  be  used,  and  a  l)eller  sin-face  resulted. 

G.  F.  S. 


THE  FRANKLIN  INSTITUTE. 


(Proceedings  of  the  Stated  Meeting  held  Wednesday,  May  19,  1920.') 

Hall  of  The  Franklin  Institute, 
Philadelphia,  May  19,  1920. 

President  Dr.  Walton  Clark  in  the  Chair. 

By  consent,  tlie  reading  of  the  minutes  of  the  previous  meeting  was 
dispensed  with. 

Additions  to  membership :  6. 

The  President  announced  that  the  business  of  the  meeting  would  be  the 
annual  presentation  of  The  Franklin  Medal,  the  Institute's  highest  award 
in  recognition  of  distinguished  and  scientific  achievements,  and  called  upon 
Dr.  Harry  F.  Keller,  who  gave  an  account  of  the  work  of  the  Honorable 
Sir  Charles  A.  Parsons,  K.C.B.,  C.B.,  M.A.,  LL.D.,  D.Sc,  F.R.S.,  of  New- 
castle-on-Tyne.  England,  recently  recommended  by  the  Institute's  Committee 
on  Science  and  the  Arts  for  The  Franklin  Medal  in  recognition  of  "  His 
epoch-making  success  in  the  development  and  construction  of  the  steam 
turbine,  which  has  revolutionized  the  art  of  steam  engineering,  particularly 
in  regard  to  the  propulsion  of  mercantile  and  naval  vessels  and  the  driving 
of  electrical  generators." 

Sir  Auckland  Geddes,  British  Ambassador,  was  then  presented  to  the 
President,  and  received  from  him  The  Franklin  Medal  awarded  to  the  Honor- 
able Sir  Charles  A.  Parsons.  His  Excellency  conveyed  the  thanks  of  his  Gov- 
ernment for  the  honor  conferred  upon  his  distinguished  countryman,  and  said 
that  such  gracious  acts  went  far  to  insure  the  continuance  of  the  happy  rela- 
tifjns  which  have  so  long  obtained  between  Great  Britain  and  America. 

Doctor  Keller  was  again  recognized,  and  described  the  work  of  Pro- 
fessor Svante  August  Arrhenius,  Ph.D.,  M.D.,  D.Sc,  LL.D.,  of  the  Nobel 
Institute,  Stockholm,  Sweden,  who  had  also  been  awarded  The  Franklin 
Medal,  in  recognition  of  "  His  notable  contributions  to  the  theory  of  physical 
science,  which  have  found  unprecedentedly  extended  and  fruitful  application 
in  the  experimental  study  of  chemical,  physical,  biological  and  cosmic  phe- 
nomena, as  well  as  in  industrial  chemistry,"  and  introduced  Mr.  Joen  de 
Lagerberg,  Secretary  of  the  Swedish  Legation  at  Washington,  who  accepted 
The  Franklin  Medal  and  extended  the  appreciative  thanks  of  His  Swedish 
Majesty's  Government  for  the  honor  done  Professor  Arrhenius. 

The  paper.  "  Some  Reminiscences  of  Early  Days  of  Turbine  Develop- 
ment," by  Sir  Charles  A.  Parsons,  was  read  by  Mr.  Charles  Day.  Vice- 
President  of  the  Institute. 

The  paper,  "  The  Problem  of  the  World's  Supply  of  Energy,"  by  Pro- 
fessor Svante  August  Arrhenius,  was  read  by  Dr.  Allerton  S.  Cushman, 
Director  of  The  Institute  of  Industrial  Research,  Washington,  D.  C. 

Adjourned.  R.  B.  Owens, 

Secretary. 

CA  full  account  of  the  meeting  will  appear  in  the  next  issue  of  the 
Journal.) 
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COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting  held  Wednesday,  May  5, 1920.) 

Hall  of  the  Institute, 

Philadelphia,  May  5,  1920. 

Mr.  Charles  Penrose  in  the  Chair. 

The  following  report  was  presented  for  final  action : 

No.  2747 :  Principles  of  Concealing  Coloration.     Advisory. 
The  following  report  was  presented  for  first  reading  : 
No.  2748:  Bullard  Mult-Au-Matic. 

R.  B.  Owens, 

Secretary. 


MEMBERSHIP  NOTES. 

ELECTIONS  TO  MEMBERSHIP. 

(Stated  Meeting,  Board  of  Managers,  May  12,  ig20.) 

resident. 
Mr.   Charles   Philip   Bower,   Civil   Engineer,   403   Westview   Avenue,   Ger- 

mantown,  Philadelphia,  Pennsylvania. 
Mr.  Warren  Mathews  Foote,  President,  Foote  Mineral  Company,  and  for 

mail,  Swarthmore,  Pennsylvania. 
Mr.  Frank  H.   Stewart,  Textile  Manufacturer,  in  care  of   Krout   &    Fite 
Manufacturing    Company,    1950    East    Allegheny    Avenue,    Philadelphia, 
Pennsylvania. 

non-resident. 

Mr.  Isaac  W.  Bvers,  Retired,  Iron  River,  Michigan. 

associate. 
Mr.     Julius     Cohen,     Chemist,     5605     Wyalusing     Avenue,     Philadelphia, 

Pennsylvania. 
Mr.  Francis  W.  IIartzell,  Carhuretted  Water  Gas  Manufacturer,  728  Roh- 

bins  Avenue,   Philadelphia,  Pennsylvania. 

CHANGES   OF  ADDRESS. 
Dr.  Lucius  P.  Brown,  Franklin,  Tennessee. 
Mr.  R.  W.  Davids,  Merion  Station.  Pennsylvania. 

Mr.  W.  W.  Davis,  in  care  of  Semct-Solvay  Company,  Syracuse,  New  York. 
Mr.    Edwin    Elliott,    403    West    Price    Street,    Germantown,    Philadelphia, 

Pennsylvania. 
Mr.  .Armin  P-lmendorf,  Haskolite  Manufacturing  Corporation,  819  Chamber 

of  Commerce  Building,  Chicago,  Illinois. 
Mr.  J.  G.  Felton,  Manager,  Wisconsin-Minnesota  Light  and  Power  Company, 

La  Crosse,  Wisconsin. 
Mr.  Edwin  Frank,  5216  Laurens  Street,  Philadelphia,  Pennsylvania. 
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Mr.  Fr.\xcis  H.  Gilpix,  22  Edgeniont  .Avenue,  Summit,  New  Jersey. 

Dr.  C.  J.  He.\.\mer,  The  Bartram.  33rd  and  Chestnut  Streets.  Philadelpliia, 

Pennsylvania. 
Mr.  Fr.\nklin  S.  Horn,  1515  .\rch  Street.  Philadelphia,  Pennsylvania. 
Mr.  H.  J.  K.\LTENTH.-\LER,  6457  Woodbinc  .\venue,  Overbrook,  Philadelphia, 

Pennsylvania. 
Dr.   E.   F.  Kixc.sburv,   Western    Electric   Company,   463   West    Street.    New 

York,  New  York. 
C.\FT.\ix  Chester  Lichtexberg.  137  Park  .\venue,  Schenectady,  New  York. 
Mr.  R.  a.  M.\rriott,  431  East  loth  Street.  Long  Beach,  California. 
Mr.  Ch.vrles  E.  Richardsox,  Charles  E.  Richardson  &  Company,  Engineers, 

25  East  41st  Street,  New  York.  New  York. 
Mr.    H.    R.    St.vxford,    Naval    Operating    Base,    Hampton    Roads,    Norfolk, 

\"irginia. 
Mr.  D.wip  H.  Wilson,  Jr.,  233  36th  Street,  Brooklyn,  New  York. 


NECROLOGY. 


John  A.  Brashear.  By  the  death  of  John  A.  Brashear,  astro-physics 
has  lost  one  of  its  most  skilful  and  earnest  workers.  Beginning  his  active 
life  as  a  maker  of  optical  instruments,  he  secured  before  the  termination 
of  it  an  international  reputation  in  its  practical  and  theoretical  fields.  In 
early  life,  too  poor  to  buy  a  telescope  to  gratify  his  desire  to  study  the 
skies,  he  made  the  lenses  for  one,  working  at  this  task  at  night  while  he 
earned  his  living  in  a  mill  by  day.  It  is  not  without  interest  that  we  read 
that  his  wife  assisted  him  to  the  extent  of  her  ability  in  his  scientific 
labors,  and  by  her  inspiration  and  encouragement  he  was  helped  in  his 
triumph  over  failures  and  occasional  despair. 

Later,  when  he  took  up,  as  a  business,  the  manufacturing  of  lenses, 
he  found  that  efficiency  in  that  field  would  not  spell  financial  success,  for 
those  who  are  interested  in  astro-physics  are  few  and  far  between,  and  the 
difficulties  and  risks  of  the  making  of  large,  high-grade  optical  instruments 
are  numerous. 

When  the  question  arose  of  establishing  a  standard  of  length  more 
durable  than  the  standards  deposited  respectively  in  London  (the  yard) 
and  Paris  (the  metre),  Michelson  suggested  that  the  wave-length  of  light 
might  serve  as  datum,  unchangeable  and  indestructible.  The  construction 
of  the  instrument  for  this  purpose  was  committed  to  Brashear,  and  it 
was  successfull}'  carried  out,  an  e.xtremely  accurate  and  delicate  apparatus 
being  produced. 

Among  his  greatest  triumphs  in  telescope  construction  are  the  72-inch 
parabolic  mirror  for  the  Dominion  Observatory,  Victoria,  Canada;  37-inch 
parabolic  mirrors  for  the  Lick  Observatory  and  University  of  Michigan; 
a  16-inch  photographic  doublet  for  the  Koenigsthal  Observatory,  Heidel- 
burg,  Germany.  He  has  designed  and  constructed  many  spectroscopes  for 
astronomical  purposes,  and  made  the  speculum  plates  for  Professor  Row- 
land's diffraction  gratings. 
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He  was  honored  by  degrees  from  institutions  of  learning  of  highest 
standing,  among  which  was  the  degree  of  Sc.D.  from  Princeton  Univer- 
sity. He  was  member  of  many  learned  societies  and  was  elected  an 
honorarj'  member  of  The  Franklin  Institute  on  April  4,  1919. 

Doctor  Brashear's  opportunities  were  extended  by  the  attention  that 
he  attracted  from  Langley,  through  whose  efforts  he  was  enabled  to  move 
to  Allegheny,  where  he  set  up  a  shop  for  lens  grinding,  which  was  the 
beginning  of  the  firm  afterwards  of  world-wide  reputation. 

It  is  interesting  to  note  that  he  was  not  neglectful  of  his  less  fortu- 
nate fellow  men  and  women,  for  some  years  before  his  death  he  founded 
the  Brashear  Settlement  Association,  which  has  its  headquarters  in  the 
house  in  which  he  spent  his  earlier  years. 

He  died  on  April  8,  1920,  having  reached  within  a  few  months  of  the 
Psalmist's  utmost  span  of  life.  His  wife  died  a  few  years  before  him,  and 
their  joint  tomb  bears  the  beautiful  epitaph  written  by  Brashear:  "We 
have  loved  the  stars  too  fondly  to  be  fearful  of  the  night." 

H.  L. 


LIBRARY   NOTES. 


PURCHASES. 

Book   Review   Digest. — Annual   Cumulation    15.     1919. 

British  Journal  Photographic  Almanac.     1920. 

Chemical  Society  of  London. — Annual  Report  of  the  Progress  of  Chemistry. 

Vol.  xvi.     1919. 
Ebert,  W.,  and  J.  Nussbaum. — Hyperchlorite  und  Elektrische  Bleiche.     1910. 
Engineering  News  Index. — 1910-1917. 

Ferchland,  P. — Die  Englischen  Elektrochemischen  Patente.     2  vols.     1908. 
Ferchland,  p. — Die   Elektrochemischen   Patentschriften   der   Vereinigten 

Staaten  von  Amerika.     2  vols.     1914. 
Ferguson,  O.  J. — Electric  Lighting.     1920. 

Kidder,  F.  S. — Triangulation  Applied  to  Sheet  Metal  Pattern  Cutting.     1920. 
NiNDE,  W.  E. — Design  and  Construction  of  Heat  Engines.     1920. 
Panyity,  L.  S. — Prospecting  for  Oil  and  Gas.     1920. 
Pierce,  G.  W. — Electric  Oscillations  and  Electric  Waves.     1920. 
Ramsay,  Sir  William. — The  Gases  of  the  Atmosphere.     1915. 
Sabin,  a.  H. — White-Lead,  Its  Use  in  Paint.     1920. 
Thomas'  Register  of  American  Manufacturers.     Vol.  xi.     1920. 
Trinks,  W. — Governors,  and  the  Governing  of  Prime  Movers.     1919. 
TwvFOKD,  H.  B. — Storing,  Its  Economic  .Aspects  and  Proper  Methods.     1918. 

GIFTS. 
American  Society  of  Civil  Engineers,  Year  Book,    1920.     New   York,  N.   Y., 

1920.     (From  the  Society.) 
Anchor  Concrete  Stone  Company,  Cataloj^uc  of  the  Anchor  Concrete  Block 

Machine.     Rock  Rapids,  Iowa,  1920.     (From  the  Company.) 
Atlas  Valve  Company,  Booklet  of  Atlas  Regulating  Devices.     Newark,  N.  J., 

no  date.     (From  the  Company.) 
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Belden  Manufacturing  Company,  Catalogue  No.  8.  Chicago,  Illinois.  1920. 
(From  the  Company.) 

Bellevue  Industrial  Furnace  Company.  Catalogue  No.  4.  Detroit,  Mich.,  1919. 
(From  the  Company.) 

Brearley.  Harry  C.  Time  Telling  Through  the  Ages.  New  York,  N.  Y.,  1919. 
(From  Robert  H.  IngersoU  and  Bro.) 

Brown  and  Sharpe  Manufacturing  Co.,  Catalogue  No.  137.  Providence,  R.  I., 
19^.     (From  the  Company.) 

Burrell  Technical  Supply  Company,  Inc.,  Catalogue  No.  10.  Pittsburgh, 
Penna.,   1920.     (From  the  Company.) 

Burton-Rogers  Company,  Catalogue  of  Hoyt  Electrical  Instruments.  Boston, 
Mass.,  1919.     (From  the  Company.) 

Canadian  Pacific  Railway  Company,  Annual  Report  for  the  Year  Ending- 
December  31,  1919.     Montreal,  1920.     (From  the  Company.) 

Carnegie  Institution  of  Washington,  Year  Book  No.  18,  1919.  Washington, 
D.  C,  1920.     (From  the  Institution.) 

Carrick  Engineering  Company,  Catalogue,  Carrick  Combustion  Control.  Chi- 
cago, 111.,  no  date.     (From  the  Company.) 

Chicago  Flexible  Shaft  Company,  Catalogue  No.  75.  Chicago  111.,  1919. 
(From  the  Company.) 

Dart,  E.  M.,  Manufacturing  Company.  Catalogue  of  Union  Fittings.  Provi- 
dence, R.  I.,  no  date.     (From  the  Company.) 

Denver  Fire  Clay  Company,  Bulletins  Nos.  loi,  176,  and  425.  Denver,  Colo., 
1919.     (From  the  Company.) 

Dominion  of  New  Zealand,  Statistics  for  the  Year  1918,  Part  i.  Wellington, 
1919.     (From  the  Dominion.) 

Eastman  Kodak  Company,  Booklet,  Color  Plates  and  Filter  for  Commercial 
Photography.     Rochester,  N.  Y.,  1920.     (From  the  Company.) 

Eclipse  Interchangeable  Counterbore  Company,  Catalogue  Describing  Inter- 
changeable Counterbores  and  Interchangeable  Core  Drills.  Detroit,  Mich., 
no  date.     (From  the  Company.) 

Faber,  Henry  B.,  Military  Pyrotechnics,  Three  Volumes.  Washington,  D.  C, 
1919.     (From  Major-General  C.  C.  Williams.) 

Fess  Rotary  Oil  Burner,  Inc.,  Catalogue  of  Fuel  Oil  Burning  Equipment  for 
Heat  and  Power.     Providence,  R.  I.,  no  date.     (From  the  Company.) 

India  Board  of  Agriculture,  Report  on  the  Progress  of  Agriculture  for  1918- 
1919.     Calcutta,  1920.     (From  the  Board.) 

Institution  of  Automobile  Engineers,  Proceedings  of  the  Session  1918-1919. 
London,  England,   1919.     (From  the   Institution.) 

Jackson  Compressor  Company,  Inc.,  Bulletin  No.  3.  Denver,  Colo.,  1919. 
(From  the  Company.) 

Jones  and  Shipman,  Ltd.,  Booklet,  Better  Tools.  Leicester,  England,  no  date. 
(From  the  Company.) 

Leeds  and  Northrup  Company.  Catalogues  Nos.  44  and  70.  Philadelphia,  Pa., 
1919-1920.     (From  the  Company.) 

Leland  Stanford  Junior  University,  Annual  Report  of  the  President  for  the 
Year  Ending  August  31,  1919.  Stanford  University,  Calif.,  1919.  (From 
the  University.) 
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Link-Belt    Company,    Book    No.    383.     Philadelphia,    Pa.,    1920.     (From    the 

Company.) 
Liverpool  Engineering  Society,  Transactions.  Vol.  xxxv.     Liverpool,  England, 

1914.     (From  the  Society.) 
Lowell  Textile  School,  Day  Catalogue  1920-1921.     Lowell,  Mass.,  1920.    (From 

the  School.) 
Maryland    Geological    Survey,    Cambrian    and    Ordovician.     Baltimore,    1919. 

(From  the  Survey.) 
Mead-Morrison   Manufacturing  Company.   Catalogue   No.   21.     East   Boston, 

Mass.,  1920.     (From  the  Company.) 
Merrill  Company,  Catalogue  of  the  Nordstrom  Lubricated  Plug  Valve.     San 

Francisco,  Calif.,  1919.     (From  the  Company.) 
Museo  de  la  Plata,  Revista :  Tomo  xix.  Part  2 ;  Tomo  xxi ;  Tomo  xxiii.  Part  2 ; 

Tomo  xxiv,  Part  i,  1915-1916.    La  Plata,  .A.rgentina.    (From  the  Museum."* 
F.   E.   Myers  and   Brother,   Catalogue   No.   PP20.     Ashland,   Ohio,   no   date. 

(From  the  Company.) 
New  York,  Ontario  &  Western  Railway  Company,  Annual  Report  for  the  Year 

ending    December    31,     1919.     New     York,    N.    Y.,     1920.     (From    the 

Company.) 
Pelton  Water  Wheel  Company,  Bulletins  Nos.  10  and  11.    San  Francisco,  Calif., 

1919.     (From  the  Company.) 
Pennsylvania  Department  of  Labor  and  Lidustry,  Third  Annual  Report,  1916. 

Harrisburg,  Penna.,  1918.     (From  the  State  Librarian.) 
Pennsylvania,    Water    Resources    Inventory    Report,    Part    VL     Harrisburg, 

Penna.,  1920.     (From  the  State  Librarian.) 
Philadelphia   Common   Council:   Journal,   \'ol.   ii,   1919-1920;   Journal   of   the 

Select  Council,  Vol.  ii,   1919-1920;  Ordinances  and  City  Solicitor's  Opin- 
ions,  1919.     (From  Mr.  John  McA.  Harris.) 
Pittsburgh    Piping   and    Equipment    Company,    Tables    of    Piping    Standards. 

Pittsburgh,   Pa.,   1919.     (From   the   Company.) 
Railroad    Supply    Company,    Booklet,    Track.     Chicago,    111.,    1919.     (From 

the  Company.) 
Scientific   Materials   Company,   Scientific   ^laterials    Blue    Book.     Pittsburgh, 

Penna.,  1919.     (From  the  Company.) 
South    Australia    Royal    Society,    Transactions    and    Proceedings,    Vol.    Ixii. 

Adelaide,  1918.     (From  the  Society.) 
St.  Louis  University,  Bulletin  Vol.  xv,  No.  6.     St.  Louis,  Mo.,  1920.     (Fro;ii 

the  University.) 
Stowell  Company,  Catalogue  of  the   Malleable   Sprocket  Chain.     South   Mil- 
waukee, Wis.,  no  date.     (From  the  Company.) 
Summit   Machine  Works,   Catalogue   of   Summit    Lathes.     Worcester,   Mass., 

1919.     (From  the  Works.) 
Sweet's  Catalogue  Service,  Sixth  Annual  I'^dition  Sweet's  Engineering  Cata- 
logue.    New  York,  N.  Y.,  1920.     (From  the  Service.) 
Veeder  Manufacturing  Company,  Catalogue  No.   1901.     Hartford,  Conn.,  no 

date.     (From  the  Company.) 
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Viele.  Blackwell.  and  Buck.  Bulletins  Nos.  2-A.  3-A.  4.  5,  6,  7,  and  10.     New 

York.  X.  Y..  1919.     (From  the  Company.) 
Washington  Commission  of  Fine  Arts,  Eighth  Report  for  1919.     Washington, 

D.  C.  1920.     (From  the  Commission.) 
Washington  University.  Sixty-third  Annual  Catalogue.     St.  Louis,  Mo.,  1920. 

(From  the  University.) 
Whitney    Window    Corporation,    Catalogue   of    Whitney    Casement    Window 

Hardware.     Minneapolis.  ^Minn..  no  date.     (From  the   Corporation.) 
Wilmot   Engineering  Company.  Catalogue  of  the  Keystone  Rivetless  Chain. 

Hazleton.  Pa.,  no  date.     (From  the  Company.) 
Worthington    Pump  and   Machinery   Corporation,   Catalogue   of   Condensing 

.Apparatus.     New  York,  N.  Y.,  1920.     (From  the  Corporation.) 


BOOK  NOTICES. 

AiRPL.NXE   Photogr.\phy.     By  Herbert  E.   Ives,   Major,   Aviation   Section, 

Signal  Officers"  Reserve  Corps,  U.  S.  A.    413  pages,  contents  and  index. 

208  illustrations,  8vo.    J.  B.  Lippincott  Company,  Philadelphia  and  London, 

1920.    $4.00  net. 

Taking  up  this  bOok  for  examination,  on  May  6,  1920,  the  reviewer  is 
reminded  that  it  is  "  Langley  Day,"  the  twenty-fourth  anniversary  of  the 
first  flight  ever  made  by  a  heavier  than  air  machine  under  its  own  power 
developed  in  the  machine  itself.  It  was  on  May  6,  1896,  that  Samuel  Pier- 
pont  Langley  succeeded  in  operating  his  "  aerodrome  "  on  the  Potomac 
River,  near  Quantico,  in  a  sustained  flight  for  about  3300  feet,  at  a  height 
of  about  75  feet  and  a  speed  of  about  20  miles  per  hour.  These  figures 
seem  trifling  now  when  we  are  familiar  with  transoceanic  and  transconti- 
nental journeys,  soaring  in  the  empyrean  above  the  tops  of  the  highest 
mountains,  and  with  speeds  double  that  of  the  average  express  train,  but 
the  difficulties  against  which  Langley  strove  were  enormous,  for  he  had 
not  only  to  develop  the  mathematics  and  mechanics  of  flight,  but  to 
encounter  a  vast  amount  of  antagonism  both  from  the  ignorant  and  the 
learned.  Most  persons  in  control  in  the  government  of  the  United  States 
regarded  Langley  as  a  dreamer  and  sneered  at  his  efforts.  This  is  what 
might  have  been  expected,  for  the  mass  of  the  community  has  no  respect 
for  or  interest  in  pure  science,  but  the  more  bitter  experience  was  the 
disapproval  of  learned  men.  Lord  Kelvin  and  Doctor  Newcomb  said  that 
the  flight  of  a  heavier  than  air  machine  as  large  as  an  ordinary  bird  was 
impossible,  yet  at  the  time  these  statements  were  made  the  mathematical 
and  practical  demonstrations  of  the  possibility  of  such  flight  were  avail- 
able to  all. 

The  book  before  us  does  not  deal  with  either  the  history  of  the  de- 
velopment of  the  flying  machine  or  with  its  physics  or  construction.  It 
is  devoted  to  that  remarkable  and  valuable  development,  perhaps  the 
most  important  application,  the  photography  of  the  district  covered  in 
the  flight.  It  needs  no  words  to  inform  us  of  the  great  use  that  the  air- 
plane has  been  in  war,  and  that  one  of  the  most  important  of  its  uses  was 
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the  securing  of  photographs  of  the  enemy's  works  and  movements.  Photo- 
graphs of  this  type  are  too  famihar  to  need  description.  Doctor  Ives 
was  exceptionally  well  qualified  to  take  a  large  part  in  the  operation  of 
the  photographic  department  of  the  Signal  Corps,  and  the  present  work, 
which  summarizes  in  plain  language  the  methods,  difficulties  and  results 
of  the  work,  will  be  a  welcome  addition  to  the  literature  of  the  subject. 
He  has  not  overlooked  the  application  of  airplanes  to  the  arts  of  peace,  and 
devotes  a  chapter  to  the  probable  future  developments  in  apparatus  and 
methods,  to  the  technical  and  pictorial  uses  of  the  machine  and  to  its  use 
in  exploration  and  map  making.  It  seems  that  the  former  application, 
namely,  exploration,  will  be  of  special  value,  since  it  will  enable  correct 
geographical  and  geophj-sical  data  to  be  obtained  in  parts  of  the  world 
in  which  conditions  of  travel,  hostility  of  inhabitants  or  the  dangers  from 
disease  make  the  ordinary  methods  of  exploration  difficult  or  practi- 
cally impossible. 

The  author  is  to  be  commended  for  the  excellence  of  the  text  and 
convenience  of  arrangement,  and  the  printer  for  the  liberal  use  of  illus- 
trations of  a  very  high  class. 

Henry  Leffm.\nn. 


Labor.-vtory  Manual  of  Elementary  Colloid  Chemistry.  By  Emil  Hatschek. 
131  pages,  contents,  indexes  and  20  illustrations,  small  8vo.  Phila- 
delphia, P.  Blakiston's  Son  &  Company.     $2.00,  net. 

The  author  of  this  work  is  so  well  and  favorably  known  in  connection 
with  the  subject  of  the  colloidal  state,  that  one  may  expect  that  it  will  be  a  valu- 
able addition  to  the  literature  of  the  subject,  and  examination  does  not  dis- 
appoint. In  a  compact  form  a  large  number  of  procedures  for  the  preparation 
of  the  several  classes  of  colloidal  conditions  are  described,  also  many  illus- 
trative experiments  on  the  nature  and  properties  of  these  conditions.  The 
data  are  based  througliout.  the  author  informs  us,  on  personal  experience, 
not  only  in  carrying  out  the  processes,  but  in  teaching  them,  the  latter  being, 
indeed,  one  of  the  best  methods  of  studying  a  subject.  It  is  related  in  a 
recently  published  work,  that  Van  t'Hoff  once  said,  in  public,  that  he  did 
not  understand  Avogadro's  postulate  until  it  became  his  duty  to  teach  it.  The 
book  will  be  a  great  advantage  to  the  older  class  of  teachers  to  whom  the 
difficulties  of  illustrating  and  explaining  this  now  important  subject  have 
been  a  serious  matter. 

In  connection  with  the  general  descriptions  of  apparatus  and  methods, 
considerable  attention  is  given  to  the  standards  of  purity  of  the  reagents, 
and  the  resisting  power  of  the  containers,  among  which  we  note  the  caution 
tliat  test-tubes  which  in  a  brief  i)eriod  cause  distilled  water  placed  in  them 
t(j  turn  phenolphthalin  i)ink  are  not  uncommon  among  laboratory  supplies, 
and  should  not  be  used  in  tliis  work.  Caution  in  res^ard  to  thorousli  cleaning 
is  also  given. 

The  work  is  a  valuable  addition  to  thr  literature  of  a  grcnvini;  and  im- 
I)ortant    dei)artment   of   physical   chemistry. 

Henry  Leffmann. 
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National  Apvisory  Committee  for  Aeronautics.    Report  No.  43.    Synopsis 

of  Aeronautic   Radiator  Investigations  for  the  Years   1917  and   1918. 

Preprint  from  the  Fifth  Annual  Report.    8  pages,  illustrations,  quarto. 

Washington.  Government  Printing  Office,  1920. 

The  report  outlines  the  factors  to  be  considered  in  studying  radiators, 
and  discusses  briefly  characteristics  of  core  structure  and  conditions  under 
which  the  radiator  is  used.  Properties  that  indicate  the  performance  of 
the  radiator  are  defined,  and  their  relations  to  each  other  are  pointed  out. 
Performance  curves  for  four  representative  types  show  how  the  proper- 
ties vary  with  speed  of  flight.  Some  of  the  more  important  conclusions 
of  the  investigations  are  pointed  out,  including  curves  showing  the  efifect 
of  rate  of  water  flow  on  heat  transfer,  and  a  method  for  estimating  the 
performance  of  a  radiator  at  altitudes. 

Report  No.  69.  A  Study  of  Airplane  Ranges  and  Useful  Loads. 
Preprint  from  the  Fifth  Annual  Report.  29  pages,  illustrations,  quarto. 
Washington,  Government  Printing  Oflice,  1920. 

This  report  considers  the  question  of  possible  ranges  and  useful  loads 
for  airplanes  from  two  points  of  view.  A  sample  calculation  is  made, 
using  a  step-by-step  method,  and  a  theoretical  solution  is  carried  through 
and  the  two  results  compared.  It  is  shown  that  the  two  methods  check 
each  other  in  a  very  satisfactory  way,  which  is  fortunate,  as  the  theoretical 
formulae  may  be  used  with  confidence,  and  their  numerical  application  is  a 
very  simple  matter. 

It  is  quite  evident  that  the  factors  upon  which  large  range  depends 
are  the  lift  over  drift  ratio  for  the  complete  machine,  the  ratio  of  weight 
empty  to  weight  fully  loaded,  the  fuel  consumption  per  horsepower  hour 
of  the  motor  and  the  efficiency  of  the  propeller.  The  qualities  of  an 
airplane  are  completely  characterized  by  these  factors.  The  theoretical 
solution  gives  explicitly  the  way  these  factors  contribute  to  its  range  and 
load   carrying  properties. 

The  question  of  range  with  useful  load  is  considered,  including  a 
flight  to  an  objective,  delivery  of  load  and  return  without  refueling,  this 
problem  being  of  interest  with  respect  to  bombing.  It  is  completely 
solved,  and  a  very  practical  and  expeditious  method  is  derived  for  all 
possible  cases.  Among  other  results  are  equations  giving-time  to  attain 
a  given  distance-time  required  to  use  up  a  given  weight  of  fuel  and  dis- 
tance corresponding  to  a  given  weight  of  fuel.  The  effects  of  climb  at 
start  and  glide  at  end  of  flight  are  shown  to  be  practically  negligible. 

Comparisons  of  high  speed  flight  and  flight  with  minimum  power  are 
made  with  greatest  range  or  economical  flight,  especially  with  regard  to 
load  carrying  range  and  time.  A  special  method  for  determining  the 
efifect  of  the  wind  from  a  single  curve  for  all  wind  speeds,  either  with  or 
against  the  direction  of  flight,  is  derived  and  applied,  and  the  effect  of 
wind  on  angles  of  incidence  for  most  economical  flight  is  determined. 
Most  of  the  formulae  are  applicable  not  only  to  range  flights  at  most 
economical  angles,  but  also  flight  at  any  angle  of  incidence. 

Report  No.  71.     Slip-stream   Corrections  in  Performance   Computa- 
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tion.     Preprint  from   the   Fifth   Annual   Report.      12   pages,   illustrations, 
quarto.     Washington,  Government  Printing  Office,   1920. 

This  publication  is  concerned  with  the  variation  of  slip-stream 
velocity  with  rate  of  advance  of  a  propeller,  and  treats  the  subject 
both  from  the  experimental  and  the  analytical  standpoint.  The  experi- 
'mental  portion  is  based  on  Eiffel's  work.  The  relative  increase  in  slip- 
stream velocity  is  much  less  rapid  than  that  in  air-speed,  and  the  slip-stream 
correction,  therefore,  falls  ofif  as  the  air-speed  increases.  A  method,  based 
on  the  momentum  theory  of  propulsion,  is  given  for  determining  the 
slip-stream  correction  for  any  given  propeller  tinder  any  conditions.  The 
curve  of  slip-stream  velocities  thus  determined  by  theory  checks  ex- 
tremely well  (within  2  per  cent.)  with  the  experimental  curve  for  the  one 
propeller  for  which  data  are  available. 

Report  No.  75.  The  Aerodynamic  Properties  of  Thick  Aerofoils  Suit- 
able for  Internal  Bracing.  Preprint  from  the  Fifth  Annual  Report.  26 
pages,  illustrations,  quarto.    Washington,  Government  Printing  Office,  1920. 

This  report  deals  with  the  results  of  a  series  of  tests  conducted  at 
the  Massachusetts  Institute  of  Technology  wind  tunnel,  with  a  view  to 
developing  aerofoil  sections  thick  enough  to  permit  of  internal  bracing 
and  the  use  of  cantilever  wings  without  any  external  bracing  of  the  air- 
plane wing  truss.  The  sections  tested  were  based  on  the  Durand  13,  and 
were  varied  in  section  form,  in  thickness  along  the  span,  and  in  chord 
along  the  span.  Tapering  both  in  thickness  and  in  chord  was  found  to  be 
highly  beneficial  to  efficiencj'-,  and  some  of  the  wings  developed  gave  L/D 
ratios  practically  as  high  at  angles  corresponding  to  very  high  speeds  of 
flight  as  the  best  of  the  wing  sections  for  normal  type,  together  with  very 
much  higher  maximum  lift  coefficients. 

Report  No.  76.  Analysis  of  Fuselage  Stresses.  Preprint  from  the 
Fifth  Annual  Report.  15  pages,  illustrations,  quarto.  Washington,  Gov- 
ernment Printing  Office,  1920. 

Prepared  by  the  staff  of  the  Committee  at  Langley  Field,  this  report 
is  concerned  chiefly  with  the  assumptions  to  be  made  as  to  the  loading 
on  fuselages.  A  typical  "  stick-and-wire  "  fuselage  is  analyzed  for  four 
different  sets  of  assumptions  as  to  landing  loads  and  for  three  different 
conditions  in  flying.  In  treating  flying  conditions,  all  the  inertia  loads  are 
included,  and  a  single  diagram  is  drawn  including  all  the  members  from 
nose  to  tail.  The  inertia  loads  due  to  angular  accelerations  are  shown  to 
be  very  important  and  to  decrease  the  stresses  in  the  rear  of  the  fuselage 
by  more  than  50  per  cent,  in  some  instances. 

The  discussion  of  stress  analysis  by  graphical  methods  is,  of  course, 
applicable  only  to  "  stick-and-wire  "  fuselages,  but  the  treatment  of  inertia, 
damping,  and  tail  loads  is  ecjually  useful  for  veneer  and  monocoque 
designs.  As  a  result  of  this  investigation  of  loads  certain  recommenda- 
tions are  made  as  to  the  distribution  of  loads  in  sand-load  testing 
of  fuselages. 

Copies  of  the  above  reports  may  be  ol)taincd  from  the  Committee. 

R. 


June,  19^.]  Pl'BLICATIOXS    RECEIVED.  807 

PUBLICATIONS  RECEIVED. 

U.  S.  Bureau  of  Mines:  Bulletin  78,  Approved  Explosion-proof  Coal- 
cutting  Equipment,  by  L.  C.  Ilsley  and  E.  J.  Gleim.  53  pages,  illustrations, 
plates,  8vo.  Washington,  Government  Printing  Office,  1920.  Bulletin  183, 
Abstract  of  Current  Decisions  on  Mines  and  Mining  Reported  May-August, 
1919.  by  J.  \V.  Thompson.  167  pages,  Svo.  Washington,  Government  Print- 
ing Office,  1920. 

U.  S.  Coast  and  Geodetic  Siiri'ey:  Terrestrial  Magnetism.  Alaska  mag- 
netic tables  and  magnetic  charts  for  1920,  by  Daniel  L.  Hazard,  Assistant 
Chief,  Division  of  Terrestrial  ^Magnetism.  Special  Publication  No.  63. 
31  pages,  maps,  Svo.  Washington,  Government  Printing  Office,  1920.  Price, 
twenty  cents. 

Unk'crsity  of  Illinois  Bulletin:  The  Relation  Between  the  Elastic 
Strengths  of  Steels'  in  Tension,  Compression  and  Shear,  by  Fred  B.  Seely 
and  William  J.  Putnam.  Bulletin  No.  115,  Engineering  Experiment  Station. 
49  pages,  illustrations,  Svo.  Urbana,  Engineering  Experiment  Station,  1919. 
Price,  twenty  cents. 

Engineering  Experiment  Station,  University  of  Washington:  Engineer- 
ing Experiment  Station  Series  Bulletin  No.  5.  Electrometallurgical  and 
Electrochemical  Industry  in  the  State  of  Washington,  by  Charles  Denham 
Grier.    43  pages,  Svo.     Seattle,  University,  1920. 

Panchromatism:  Second  edition,  revised  and  enlarged.  32  pages,  illustra- 
tions, plates,  colored  frontispiece,  Svo.    London,  Ilford,  Limited.     No  date. 

The  Fabric  of  Cosmic  Energy:  The  suggestion  of  a  substitute  for  the 
space-filling  ether,  by  John  Leuthold.  12  pages,  24mo.  Breckenridge,  Colo- 
rado.    Reprinted  from  the  Summit  County  Star,   1920. 


Potash.  {U.  S.  Geological  Survey,  Press  Bulletin  No.  443.)  — 
Silicate  rocks,  which  are  widely  distributed  over  the  United 
States,  contain  potash  in  an  insoluble  combination  and  in  a  form 
which  is  not  available  for  industrial  use,  but  they  are  gradually 
decomposed  on  exposure  to  the  weather.  The  potash,  thus  ren- 
dered soluble,  is  dissolved  by  rain  or  ground  water,  and  it  finally 
reaches  the  ocean  or  inclosed  drainage  basins  through  streams  or 
is  absorbed  from  percolating  water  by  clays. 

River  waters  of  North  America  contain  an  average  of  281 
parts  per  million  dissolved  salts,  of  which  an  average  of  1.77  per 
cent,  is  potassium.  They  carry  annually  to  the  ocean  8,339,800 
metric  tons  of  potassium,  and  the  river  waters  of  the  world  carry 
57,892,000  metric  tons.  The  annual  precipitation  of  potassium  in 
insoluble  form  in  the  ocean  is  50,320,000  metric  tons,  leaving  an 
annual  gain  of  potassium  by  the  ocean  of  7,662,000  metric  tons. 
The  total  potassium  content  of  the  ocean  is  510,800,000,000,000 
metric  tons.  Ocean  water  contains  3.30  per  cent,  of  salts,  of 
which  I.I  I  per  cent,  is  potassium,  corresponding  to  1.38  per  cent,  of 
potash  (K2O). 


CURRENT  TOPICS. 


New  Methods  for  Cheap  Fuels.  (American  Chemical  Society 
News  Service.) — Costs  of  heat  and  power  are  Hkely  to  be  much 
reduced  by  the  use  of  the  new  colloidal  fuel  described  at  the 
recent  spring  meeting  of  the  American  Chemical  Society,  held  in 
St.  Louis.  A  combination  of  finely  divided  coal  dust  and  of  waste 
from  stills,  which  is  held  together  in  emulsion  form  by  soap-like 
substances,  this  fuel  will  undoubtedly  have  an  important  effect 
upon  industry. 

In  view  of  the  many  inquiries  made  from  all  parts  of  the  coun- 
try, the  paper  describing  this  new  factor  in  industrial  economy  is 
produced  in  full  in  the  current  number  of  the  Journal  of  Industrial 
and  Engineering  Chemistry.  Its  author,  Mr.  Jerome  Alexander,  of 
New  York  City,  gives  due  credit  to  all  concerned  in  the  develop- 
ment of  this  latest  application  of  colloidal  chemistry — that  branch 
of  science  which  relates  to  substances  in  a  state  of  fine  suspen- 
sion, such  as  may  be  found  in  emulsions  and  gelatins. 

"  What  promises  to  be  one  of  the  most  far-reaching 'advances 
made  under  the  stress  of  the  recent  war,"  writes  Mr.  Alexander, 
"  when  necessity  literally  was  the  mother  of  invention,  is  the  dis- 
covery that  by  means  of  a  suitable  fixation,  or  peptizing  agent, 
and  suitable  treatment,  very  large  percentages  of  cheap  tars  and 
finely  powdered  coal  waste  may  be  dispersed  in  fuel  oil  with  a 
sufficient  degree  of  permanence  to  enable  the  mixture  to  be 
stored,  piped,  atomized  and  burned  practically  like  fuel  oil  itself. 

"  Since  it  will  at  one  stroke  relieve  the  drain  on  the  earth's 
rapidly  diminishing  stores  of  petroleum,  as  well  as  lead  to  the 
efficient  utilization  of  all  kinds  of  coal  waste,  such  as  culm,  screen- 
ings and  dust,  inferior  fuels  such  as  peat  and  lignite,  and  even 
cellulose  waste,  such  as  slabs  and  sawdust,  this  new  composite 
fuel  may  be  hailed  as  a  powerful  factor  in  the  conservation  of  our 
natural  resources  and  as  a  lasting  benefit  to  mankind. 

"  Realizing  the  vital  importance  of  the  Allies'  oil  supply  in  the 
conduct  of  naval,  military,  and  manufacturing  operations,  the 
German  submarines  l)ent  every  effort  to  destroy  tankers.  Mar- 
shal Foch  is  said  to  have  cabled  America:  '  If  you  don't  keep  uj) 
your  petroleum  service,  we  shall  lose  the  war.'  While  the  Allies' 
navies  were  dealing  with  this  peril  in  a  most  decisive  fashion, 
Lindon  W.  Rates,  of  New  York,  head  of  the  Engineering  Com- 
mittee of  the  Submarine  Defense  Association,  with  the  assist- 
ance in  laboratory  matters  of  Dr.  S.  E.  Shepi)erd  and  other 
chemists  of  the  Eastman  Kodak  Company,  courteously  opened 
to  him,  develoi)ed  a  colloidal  fuel  which,  by  practically  doul)ling 
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the  usefulness  of  every  oil  cargo,  would  of  itself  have  materially 
assisted  the  defeat  of  the  efforts  of  the  Hun. 

"  Coal  or  other  combustible  solid,"  says  Doctor  Alexander  in 
explanation,  '*  is  prepared  for  dispersion  by  being  pulverized  so 
that  about  95  per  cent,  passes  through  a  sieve  which  has  one  hun- 
dred meshes  to  the  square  inch.  This  means,  of  course,  that  by  far 
the  greatest  weight  is  in  particles  hundreds  and  hundreds  of 
times  larger  than  colloidal  dimensions." 

Doctor  Alexander  also  described  how  this  new  development 
in  chemistry  was  employed  by  war  vessels  in  creating  colloidal  clouds 
for  smoke  screens  in  order  to  outwit  the  pursuing  submarines. 

Neon  Lamps  in  Stroboscopic  Work.  (Proc.  Camhridgc  Philos. 
Soc  lyjo,  vol.  xix.  300.) — F.  W.  Ashton  describes  the  construc- 
tion and  operation  of  a  lamp  containing  neon  under  reduced  pres- 
sure, which  is  especially  satisfactory  for  illumination  of  a  moving 
object  by  flashes  of  very  short  duration.  The  rate  of  interruption 
can  be  controlled  by  an  electrically  driven  tuning-fork,  so  that  the 
efiiciency  of  any  given  method  will  depend  on  the  shortness  and 
brightness  of  the  flashes,  and  the  character  of  the  light  in  its 
action  on  the  eye.  Experiments  with  naked  Leyden-jar  sparks 
having  been  found  unsatisfactory,  attention  was  turned  to  neon, 
and  a  form  of  lamp  was  designed  and  filled  with  the  gas.  This 
turned  out  to  be  a  great  success.  Ashton  describes  in  detail  the 
form  of  lamp  finally  adopted,  which  cannot  be  made  clear  with- 
out the  illustration.  xApart  from  accident,  the  lamp  is  serviceable 
until  the  pressure  of  the  gas  becomes  too  low  for  the  spark  to  light 
it  adequately.  The  life  appears  to  consist  of  two  distinct  periods. 
The  first  is  during  the  time  when  the  chemically  active  impurities 
derived  from  the  electrodes  and  walls  of  the  tube  are  being  slowly 
and  completely  eliminated  (as  far  as  spectroscopic  tests  go),  and 
the  second  period  is  one  in  which  the  sputtering  of  the  cathode 
occurs,  and  the  neon  itself  begins  to  disappear.  During  the  first 
period  the  luminosity  steadily  increases,  remaining  almost  con- 
stant during  the  second  period  until  rapid  decrease  occurs.  So 
far  the  best  results  have  been  obtained  from  a  batch  of  lamps 
filled  at  10  mm.  pressure,  some  with  pure  neon,  some  with  a  mix- 
ture of  neon  and  10  per  cent,  of  helium.  One  of  the  latter  type 
had  a  working  life  of  over  3000  hours,  the  helium  disappearing 
from  the  spectrum  after  the  first  few  hundred  hours. 

Ordinary  gases  give  but  feeble  illumination,  carbon  monoxide 
being  about  the  best.  Helium  gives  a  bright  discharge,  but  not 
nearly  so  satisfactory  for  visual  work  as  neon.  The  brilliant 
orange-red  glow  of  neon  is  composed  almost  entirely  of  lines  in 
the  region  5700-6700  A.U.,  and  is  in  such  striking  contrast  to 
sunlight  that  stroboscopic  observations  can  be  made  in  daylight, 
if  necessary.  Ashton,  referring  to  the  growing  technical  impor- 
tance of  neon,  advises   that  engineers  of  liqui'd  air  production 
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should  consider  the  erection  of  fractionating  plants  for  obtaining- 
the  gas  from  tlie  air  which  contains  0.00123  per  cent,  by  volume. 
Such  a  plant  now  exists  in  Paris,  operated  by  George  Claude,  to 
whom  the  author  of  the  paper  was  indebted  for  the  neon  used. 

H.L. 

Bureau  of  Mines'  New  Director. — The  nomination  of  Dr. 
Frederick  G.  Cottrell  as  Director  of  the  Bureau  of  Mines,  and 
the  recent  award  to  him,  by  the  Chicago  section  of  the  American 
Chemical  Society,  of  the  Willard  Gibbs  Medal,  calls  special  atten- 
tion to  the  great  service  that  Doctor  Cottrell  has  rendered  to 
chemical  industry  by  the  development  of  the  method  of  remov- 
ing suspended  matters  from  gaseous  products  of  many  mining 
and  manufacturing  operations.  Doctor  Cottrell,  now  forty-three 
years  of  age,  graduated  at  the  University  of  California  in  1893, 
studied  abroad,  and  subsequently  was  connected  with  his  ahna  mater 
in  the  teaching  of  physical  chemistry.  He  was  consulted  in  re- 
gard to  the  problem  of  removing  fumes  from  the  discharges  of  a 
sulphuric  acid  plant,  at  a  copper  smelter.  Much  trouble  had 
arisen  about  the  matter,  the  state  authorities  threatening  to  close 
the  works  unless  the  nuisance  was  abated.  The  plan  he  adopted, 
which  was  successful,  was  to  place  at  the  bottom  of  the  flues 
chains  carrying  powerful  electric  currents,  which  caused  the  par- 
ticles to  fall,  clarifying  the  gases.  The  process  was  extended  to 
many  other  industries  and  will  be  very  useful  in  decreasing  the 
oiTensive  character  of  many  plants.  Doctor  Cottrell  took  out 
patents,  but  arranged  that  all  profit  therefrom  should  go  to  a 
non-dividend  paying  company,  "  The  Research  Corporation,'* 
devoted  to  the  encouragement  of  research. 

H.  L. 

The  Albedo  of  the  Contents  of  the  Air.  L.  Weber.  {Ann. 
d.  Phys.,  vol.  li,  1916.) — When  a  beam  of  light  traverses  a  dark- 
ened room,  a  considerable  quantity  of  light  is  dififusely  reflected 
from  the  motes  in  the  path  of  the  light.  In  the  open  air  motes  are 
present  and  the  illumination  is  stronger.  Hence  the  diffused  light 
must  be  produced  even  if  it  is  not  so  obtrusive. 

For  the  measurement  of  the  diffuse  light  a  type  of  photometer 
was  used  in  which  the  observer  looked  through  a  layer  of  air 
toward  a  cavity  from  which  no  lij^ht  was  reflected  back  into  the 
instrument.  Light  from  a  milk-glass  globe,  illuminated  by  daylight, 
was  reflected  so  that  it  could  be  directly  compared  with  the  light 
reflected  from  the  layer  of  air.  The  experiment  led  to  the  determi- 
nation of  the  depth  of  air  which  would  furnish  an  intensity  of  light 
equal  to  daylight.  On  a  very  clear  day  this  distance  was  found 
to  be  about  50  km.  and  on  a  cloudy  day  3.3  km.  Absorption  is, 
however,  not  taken  inl(j  account  in  the  calculations. 

G.  F.  S. 
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United  States  Power  Program.  {U.  S.  Geological  Survey 
Press  Bulletin,  No.  435,  December,  1919.) — Under  the  war  demand 
for  fuel  conservation  the  hydrauHc  engineers  of  the  United  States 
Geological  Survey,  Department  of  the  Interior,  served  the  Fuel 
Administration  in  a  field  study  of  power  problems. 

A  power  survey  of-  the  United  States  was  begun,  and  at  the 
end  of  the  war  Secretary  of  the  Interior  Lane  asked  of  Congress 
two  appropriations,  one  of  $50,000,  for  continuing  this  power  sur- 
vey over  the  whole  United  States,  and  the  other  of  $200,000,  for  an 
extensive  survey  of  the  industrial  zone  of  the  East,  where  power 
requirements  are  most  congested.  At  present  in  the  central 
power  plants  of  the  country  water  power  carries  only  about  40 
per  cent,  of  the  load,  while  the  total  fuel  requirement  for  steam- 
generated  power,  including  that  of  the  railroads,  is  not  less  than 
800,000  tons  daily.  A  power  program  that  calls  for  the  immediate 
and  full  development  of  every  available  and  feasible  water  power, 
moreover,  means  saving  both  in  coal  and  in  man  power,  and  with 
this  purpose  of  securing  the  double  conservation,  the  investiga- 
tion has  been  proposed.  The  first  step  is  to  get  the  facts  for  the 
country  as  a  whole  and  particularly  for  the  North  Atlantic 
industrial  district. 

This  "  super-power  "  project,  which  engineers  agree  seems 
wholly  practicable  but  which  can  be  regarded  as  now  only  in  the 
vision  stage,  is  to  pool  the  power  supply  for  the  whole  industrial 
area  between  Boston  and  Washington,  in  which  is  concentrated 
one-fourth  of  the  power-generating  capacity  of  the  country.  Such 
a  unified  power  system  would  tie  together  properly  located  steam- 
electric  and  hydroelectric  plants — old  plants  that  are  efficient  as 
well  as  new  plants — in  a  great  power  main  from  which  would 
flow  the  energy  to  serve  a  score  of  railroads,  hundreds  of  public- 
service  companies,  thousands  of  mills  and  factories,  and  millions 
of  homes. 

The  subject  is  necessarily  one  for  interstate  investigation  and 
is  linked  with  the  national  problem  of  providing  adequate  trans- 
portation facilities.  Electrification  of  our  railroads  would  efifect 
fuel  economies  of  more  than  50  per  cent,  in  coal  consumed,  not  to 
mention  the  greater  efficiency  of  electric  traction  through  increas- 
ing road  capacity.  Equally  important,  moreover,  is  the  relation 
of  cheaper  power  to  American  industry.  As  stated  by  Secretary 
Lane  in  a  letter  transmitting  the  estimate  for  this  appropriation : 
"  Only  by  increased  economy  in  the  production  and  distribution 
of  power  will  it  be  possible  for  our  manufacturers  to  decrease 
their  production  expenses  and  compete  successfully  in  the  world's 
markets,  maintaining  at  the  same  time  the  American  standard  of 
wages  and  living." 
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Some  Inorganic  Poisons  were  discussed  by  Alice  Hamilton, 
of  the  U.  S.  Bureau  of  Labor  Statistics,  in  a  lecture  delivered  at 
the  Harvard  Medical  School,  and  published  in  the  Chemical  Trade 
Journal  and  Chemical  Engineer,  1919,  Ixv,  365-367.  The  lecture 
deals  primarily  with  industrial  poisoning.  Arsenical  poisoning 
may  occur  in  the  manufacture  of  certain  insiccticides,  such  as  lead 
arsenate  and  Paris  green.  The  workmen  are  best  protected  by 
plugging  the  ears  and  nostrils  lightly  with  cotton,  smearing  the 
face  with  a  bland  ointment,  wearing  clean  work  clothes  each 
day,  and  use  of  a  full  shower  bath  at  the  end  of  each  day's  work. 
Poisoning  by  arsine  (hydrogen  arsenide)  may  take  place  when 
moisture  acts  on  ferrosilicon  which  contains  40  to  60  per  cent, 
silicon ;  the  ferrosilicon  contains  as  an  impurity  calcium  arsenide 
which  reacts  with  water  under  these  conditions  to  liberate  arsine. 
Antimonial  poisoning  has  not  been  reported  among  workers  in 
the  printing  trade ;  its  occurrence  among  rubber  workers  is  un- 
certain, though  possible.  Golden  and  crimson  sulphides  of  anti- 
mony— really  mixtures  of  its  pentasulphide,  trisulphide  and 
oxysulphide — are  used  in  large  amounts  in  the  manufacture  of 
rubber;  human  gastric  juice  dissolves  approximately  8  per  cent, 
of  the  antimony  present  in  the  crimson  sulphide,  and  about  3 
per  cent,  of  the  antimony  present  in  the  golden  sulphide.  Mer- 
curial poisoning  may  attack  mercury  thermometer  makers,  and 
workmen  who  manipulate  mercury  vacuum  pumps  in  the  manu- 
facture of  incandescent  lamps  and  similar  apparatus.  Since  mer- 
curic nitrate  is  used  in  the  preparation  of  felt  for  hats,  mercurial 
poisoning  may  occur  among  workers  in  that  industry.  Use  of 
carbon  disulphide  in  the  rubber  industry  of  continental  Europe 
has  caused  many  cases  of  poisoning.  In  the  United  States,  poison- 
ing by  carbon  disulphide  vapors  has  been  observed  among 
workers  in  the  manufacture  of  artificial  silk  from  cellulose,  car- 
bon disulphide,  and  caustic  soda.  While  poisoning  by  phos- 
phorus is  painful  and  disfiguring,  only  a  small  proportion  of  the 
workmen  are  attacked,  and  the  mortality  is  low,  15  to  20  per 
cent.  Since  the  abolition  of  the  white  phosphorus  match,  but 
little  white  phosphorus  is  used  in  American  industries;  during 
the  Great  War  it  was  used  in  an  incendiary  projectile.  Ferro- 
silicon may  evolve  phosphine  (hydrogen  phosphide)  as  well 
as  arsine.  y_  g   h. 

American  Philosophical  Society,  Papers  Presented  at  the 
Meeting  of  April  24,  1920.  L.  A.  Bauer. — The  Rclat:on  of  the 
Recent  Solar  Eclipse  to  the  Einstein  'Theory. — The  eclipse  of  1919 
was  peculiarly  favorable  for  testing  this  theory  because  several  bright 
•stars  were  near  the  sun  at  the  time.  By  the  theory  of  gravitation 
advanced  by  llie  Swiss  scientist  these  stars  should  have  a])i)eared  to 
be  displaced  1.74  seconds  along  lines  joining  them  to  the  suil  In 
fact,  early  reductions  of  the  results  showed  that  in  general  they  were 
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not  displaced  along  this  line,  but  were  displaced  in  other  directions 
about  2  sees.  When  Doctor  Bauer  took  into  account  second  order 
terms  in  correcting  for  atmospheric  refraction,  not  only  was  the 
angle  of  displacement  calculated  from  the  observations  reduced  to 
1.77  sees,  but  in  addition  the  departure  from  the  radial  directions 
disappeared  altogether. 

D.  C.  Miller. — Velocity  of  Air  Waves  fro)n  Explosions. — When 
a  steamer  travels  in  quiet  water  a  water  wave  travels  in  advance  of 
it.  Similarly  a  rapidly  moving  projectile  is  preceded  by  an  air  wave. 
As  this  keeps  ahead  of  the  shell  and  as  the  latter  travels  faster  than 
sound,  it  follows  that  the  wave  travels  faster  than  sound.  It  spreads 
out  to  the  sides.  Professor  Miller  finds  by  experiment  that,  even 
when  the  nose-wave  has  a  velocity  of  2720  ft.  per  sec,  the  lateral 
parts  of  the  wave,  distant  only  two  or  three  lengths  of  the  projectile 
from  the  foremost  part,  travel  with  normal  velocity. 

The  wave  which  leaves  the  muzzle  of  a  14-inch  gun  at  first  moves 
faster  than  ordinary  sound  waves,  but  at  a  distance  of  about  800  ft. 
its  velocity  comes  down  to  normal. 

Arthur  G.  W^ebster  in  discussing  this  paper  showed  a  slide  in 
which  variations  of  air  pressure  caused  by  the  passing  of  a  bullet 
were  recorded.  The  frequency  was  about  3000  per  sec.  This 
accounts  for  the  whistle  of  the  bullet. 

J.  B.  Whitehead. — Uses  of  the  Electrical  Corona. — When  a 
sudden  strain  is  thrown  upon  a  transmission  line  by  lightning  or 
otherwise  it  has  been  noticed  that  lines  operating  with  very  high 
voltage — and  in  consequence  with  a  corona — suffer  less  damage  than 
those  at  lower  voltages.  It  is  proposed  to  have  the  voltage  of  the 
line  not  at,  but  a  little  below  the  point  necessary  for  the  development 
of  the  corona.  Then  when  a  sudden  rise  of  electrical  pressure  occurs, 
the  corona  will  form  and  will  act  as  a  sort  of  safety-valve  by  dissi- 
pating energy. 

A  second  use  is  for  the  measurement  of  crest  values  of  high 
A.  C.  voltages.  With  round  wires  the  corona  appears  at  definite 
voltages,  depending  on  the  diameter  of  the  wire  and  on  the  pressm-e 
and  temperature  of  the  air.  An  instrument  has  been  devised  by 
which  applied  potentials  up  to  400,000  volts  can  be  measured  from 
the  known  connection  of  the  corona  with  the  three  variables.  The 
corona  is  detected  by  its  causing  the  air  to  become  a  conductor,  thus 
enabling  a  current  to  flow  through  a  galvanometer.  In  a  confined 
space  the  corona  is  accompanied  by  a  loud  noise. 

H.  C.  H.WES. — The  M-V  Hydrophvne. — This  instrument,  which 
was  designed  for  the  detection  of  submarines,  can  locate  the  direction 
along  which  sounds  reach  it  through  water  with  an  accuracy  of 
two  degrees.  W^hen  the  Von  Stcuhen  \w\t\\  a  hydrophone  installed 
on  board  left  New  York,  the  craft  in  the  harbor  were  located  and 
the  lightships,  which  were  giving  sound  signals,  were  picked  up 
before  they  could  be  seen.  Sounds  emanating  from  the  Na>itncket 
lightship  were  heard  for  two  hours,  the  shortest  distance  being  32 
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and  the  longest  40  miles.  Later  in  the  voyage  vessels  could  not  be 
detected.  In  fact,  the  sound  of  the  I'on  Steuben's  own  propellers 
was  inaudible.  It  developed  that  the  hydrophone  is  useful  only  in 
shallow  water.  Only  such  sounds  as  are  reflected  from  the  bottom 
are  heard. 

Depths  of  water  can  be  measured  by  the  same  instrument  up  to 
distances  equal  to  three  times  the  length  of  the  vessel  on  which  it  is 
moimted.  The  accuracy  of  the  measurement  increases  as  the  depth 
grows  less.  On  a  voyage  during  which  the  continental  shelf  was 
crossed  soundings  were  made  by  using  the  hydrophone  and  then 
compared  with  the  results  obtained  by  a  sounding  machine,  by  hand 
and  from  a  chart.  When  any  two  of  the  last  three  agreed,  then 
the  hydrophone  results  agreed  also. 

Since  the  direction  of  fixed  objects,  such  as  lightships,  can  be 
determined  and  in  addition  the  depth  of  water  can  be  measured,  this 
instrument  promises  much  usefulness  in  navigation.  To  test  this 
a  run  was  made  in  a  fog  with  a  submarine  from  Salem.  Mass.,  to 
Portland,  Me.,  and  back  to  the  southern  coast  of  New  England.  The 
voyage  was  accomplished  in  safety  and  the  location  of  the  vessel 
was  determined  with  surprising  accuracy. 

G.  F.  S. 

Physiological  Action  of  Nitrobenzene  Vapor  on  Animals. — 
Wallace  Larkin  Chandler  reports  the  results  of  a  research  on 
this  subject  in  Memoir  20  of  the  Cornell  University  Agricultural 
Experiment  Station.  Nitrobenzene  (oil  of  mirbane)  exerts  a  toxic 
action  when  ingested,  inhaled,  applied  to  the  skin,  or  injected  be- 
neath the  skin.  The  lethal  dose,  i.e.,  the  dose  required  to  produce 
death,  is  extremely  variable.  The  digestive  functions  may  be 
disturbed,  and  asphyxia  may  be  produced  by  direct  action  on  the 
blood.  The  red  blood  cells  are  altered ;  and  the  haemoglobin  is 
changed  to  methemoglobin.  However,  most  of  the  symptoms  of 
poisoning  by  nitrobenzene  are  due  to  its  action  on  the  brain,  for 
it  produces  degeneration  of  the  Purkinje  cells  of  the  cerebellum. 
The  size  of  the  lethal  dose  and  the  length  of  the  latent  period, 
which  occurs  between  the  actual  poisoning  and  the  onset  of  the 
symptoms,  depends  on  the  amount  of  fat  in  the  blood  and  the 
body  of  the  poisoned  animal ;  the  nitrobenzene  enters  the  blood, 
and  then  is  absorbed  by  the  body  fat;  as  its  concentration  in  the 
blood  decreases,  it  is  given  up  by  the  body  fat  to  the  blood  fat, 
carried  by  the  latter  to  the  brain,  and  deposited  in  the  brain  cells. 
The  following  conclusions  are  reached:  Nitrobenzene  cannot  be 
safely  used  for  the  fumigation  of  animals  to  destroy  their  exter- 
nal i)arasites,  and  should  not  be  used  as  an  ingredient  of  flavoring 
extracts,  or  as  a  perfume  in  soaps  and  toilet  articles,  or  as  a 
solvent  in  shoe  polish  and  floor  wax.  It  should  be  given  serious 
consideration  as  an  industrial  poison  in  the  dyestufF  and 
related  industries.  j.  .S.  11. 
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Distribution  of  the  Chemical  Elements. — Geochemists  have 
calculated  the  percentage  by  weight  of  the  different  elements  in 
the  known  crust  of  the  earth,  including  the  rocks,  water,  and 
atmosphere.  Ixgo  W.  D.  Hackh  (Scioicc  Progress,  1920.  xiv, 
602—607)  has  used  these  figures  as  the  basis  of  his  calculations. 
If  the  per  cent,  of  each  element,  which  is  present,  be  divided  by 
its  atomic  weight,  the  quotient  shows  the  relative  proportion  of 
its  atoms  in  the  crust.  Of  the  25  elements,  whose  atoms  are  most 
abundant,  those  of  bromine  are  least  abundant ;  and  the  relative 
proportion  of  bromine  atoms  was  therefore  taken  as  unity ;  the 
other  elements  then  fell  into  the  following  order  of  magnitude 
with  respect  to  the  occurrence  of  their  atoms  : 

O 249,850  Mg...  6,835  Ti 714  N 171      V 23 

H 75,?,i2  Ca 6,422  CI 451  Mn 116      Li 22 

Si...     72,860  Fe....  5,982  F 421  Ba 46      Sr 16 

Al....     21,528  K 4,660  P 283  Cr 46      Zr 13 

Na...       8,200  C 1,199  S 274  Ni 26      Br i 

Hydrogen  thus  follows  directly  after  oxygen  with  respect  to 
the  relative  occurrence  of  its  atoms. 

J.S.H. 

The  Dissipation  of  Heat  by  Various  Surfaces  in  Still  Air. 

T.  S.  T.WLOR.  (Phys.  Rev.,  March,  1920.) — Three  vessels  of  sheet 
tin,  10  cm.  in  diameter  and  50  cm.  long,  were  made.  One  was  left 
bare,  one  was  covered  closely  with  sheet  asbestos  0.33  mm.  thick  and 
the  third  was  covered  loosely  with  the  same  material.  All  three  were 
filled  with  hot  water  and  allowed  to  cool  under  similar  conditions. 
The  result  was  obtained  that  the  bare  vessel  lost  only  70  per  cent,  as 
nmch  heat  per  minute  as  the  loosely  covered  one  and  63  per  cent, 
as  much  as  the  tightly  covered  vessel.  The  effect  of  dusting  the  sur- 
face with  coal  ashes  was  to  slightly  increase  the  radiation  from  the 
bare  surface  and  to  diminish  to  a  somewhat  greater  extent  the  loss 
from  the  tightly  covered  vessel. 

G.  F.  S. 

Variation  of  Transparency  to  Total  Radiation  with  Tempera- 
ture of  Source.  S.  L.  Brown.  (Phys.  Rev.,  March,  1920,  p.  217.)  — 
Glass,  rock  salt,  mica,  celluloid  and  paraffin  were  examined.  In  all 
the  transparency  for  total  radiation  increased  markedly  as  the  tem- 
perature of  the  radiating  body  rose  from  200°  to  1200°  C.  For  glass 
the  amount  transmitted  at  the  lower  temperature  was  5.8  per  cent, 
and  at  the  higher  61  per  cent.  For  rock  salt  the  corresponding  num- 
bers are  35  and  50.5.  Glass  alone  shows  a  departure  from  the  general 
rule  by  having  a  minimum  transmission  at  300°.  Whether  heated  or 
cooled  from  this  temperature  its  transmission  increases. 

G.  F.  S. 
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The  Nuclei  of  Atoms  and  the  New  Periodic  System.  W.  D. 
Harkins.  (Physical  Reviczv,  February,  1920.) — Formulae  are 
given  for  the  composition  of  the  atoms  and  of  the  nuclei  of  the 
first  2y  elements  and  of  the  radio-active  elements.  An  atom  of  sul- 
phur is  given  as  consisting  of  8  helium  atoms,  while  its  nucleus  is 
made  up  of  the  same  number  of  helium  nuclei.  Nothing  but 
helium  and  hydrogen  atoms  appear  in  the  formulae  for  atoms,  but 
in  the  nuclei  there  are  also  beta  particles  in  addition  to  the  nuclei 
of  the  two  elements  just  mentioned.  In  general  the  nuclei  of  the 
even  numbered  light  elements  consist  altogether  of  helium  nuclei, 
while  the  odd  numbered  elements  have  in  their  nuclei  an  addi- 
tional group,  consisting  of  3  hydrogen  nuclei  and  2  beta  particles. 
The  elements  from  28  to  80  in  atomic  number  do  not  fall  in  with  this 
scheme,  and  it  is  suggested  that  they  may  consist  of  mixtures 
of  isotopes. 

"  In  a  note  appended  at  the  time  of  correcting  the  proof  for 
this  paper,  the  writer  states  that  his  latest  atomic  weight  results 
seem  to  indicate  that  he  has  obtained  an  experimental  separation 
of  chlorine  into  isotopes." 

G.  F.  S. 

Nature  of  the  Process  of  Ionization  of  Gases  by  Alpha  Rays. 
R.  A.  MiLLiKAN,  V.  H.  GoTTSCHALK  and  M.  J.  Kelly.  (Phys.  Rev., 
March,  1920,  p.  157.) — Alpha  rays  from  radium  bombarded  the  mole- 
cules of  air,  carbon  dioxide,  carbon  tetrachloride,  methyl  iodide  and 
mercury  dimethyl.  Thus  atoms  of  H,  C,  O,  N,  CI,  I  and  Hg.  with 
a  range  of  atomic  weight  from  i  to  200,  were  traversed  by  the  rapidly 
moving  rays.  The  residues  of  the  ionized  atoms  were  caught  on  oil 
drops  and  their  electrical  charges  measured.  This  was  done  in  2900 
cases  of  which  only  five  corresponded  to  double  charges  and  none 
at  all  to  triple  or  larger  charges.  "  The  results  prove  that,  at  least, 
99  times  out  of  100,  ionization  by  an  Alpha  ray,  in  the  case  of  each 
of  the  gases  and  vapors  studied,  consists  in  the  detachment  of  a  single 
elctron  from  a  molecule." 

G.  F.  S. 

Digestibility  of  Chicken  Skin. — I'dward  F.  Koiiman  and  H.  A. 
Shonle  (Journal  of  Biological  Chemistry,  1920.  xli,  469-472)  have 
made  metabolism  ex])eriments  on  human  subjects  concerning  the 
utilization  of  the  proteins  or  nitrogenous  constituents  and  the  fat 
of  the  skin  of  the  common  fowl.  The  results  showed  that,  when 
65.1  to  67.5  per  cent,  of  the  nitrogen  of  the  diet  was  supplied  by 
chicken  skiri,  the  utilization  of  the  nitrogen  was  as  good  as  when 
the  same  proportion  of  the  nitrogen  was  supplied  by  meat,  eggs, 
and  milk.  The  utilization  of  the  ingested  fat  likewise  was  prac- 
tically the  same  on  the-  chicken-skin  diet,  and  on  the  diet  of 
meat,  eggs,  and  milk. 

J..S.  II. 
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The  Production  of  Power  from  Blast  Furnace  Gas.  S.  H. 
FowLES.  {Hlcctriciau,  March  26,  1920.) — Sir  Charles  A.  Parsons, 
Franklin  medallist.  "'  has  estimated  that  the  total  available  water- 
power  in  the  British  Isles  is  only  ij/^  million  horse-power,  and  that 
England  possesses  only  one  per  cent,  of  the  water-power  and 
2y2  per  cent,  of  the  total  coal  in  the  world."  The  blast  furnaces  of 
Great  Britain  annually  waste  a  milhon  horse-power.  The  follow- 
ing table  compares  the  old  method  with  the  Halberg-Beth  type 
of  plant : 

Old  Method  New  Method 

Gas  made  per  furnace  per  hour 1,000,000  cu.  ft.  1,000,000  cu.  ft. 

Gas  used  per  furnace  per  hour  1,000,000  cu.  ft.  550,000  cu.  ft. 

Coke  per  ton  of  pig  iron  made  23  cwt.  21  cwt. 

Units  of  electricity  generated  per  furnace  per 

annum   None  6,870,000 

Potash  saved  per  annum  None  i6,ooo 

Flue  cleaning  costs  per  annum £1,000  None 

Coal  used  per  furnace  per  hour 0.5  ton  0.2  ton 

Horse-power  developed  per  furnace  per  hour       600  800 

G.  F.  S. 

Heat  production  during  luminescence  has  been  studied  by 
E.  Xewtox  Harvey  {Journal  of  General  Physiology,  1919,  ii,  137- 
143).  Cypridina  hilgendorfi,  a  small  crustacean,  contains  a  com- 
pound luciferin  and  an  enzyme  luciferase,  which  oxidizes  the 
luciferin  to  oxyluciferin  in  the  presence  of  water  and  oxygen ; 
this  reaction  is  accompanied  by  the  production  of  light,  and  is 
the  cause  of  the  bioluminescence  of  the  living  animal.  Both  the 
luciferin  and  the  luciferase  are  soluble  in  water ;  and  a  solution 
may  be  prepared  containing  only  one  or  the  other  of  the  two 
substances.  A  solution  of  luciferin  was  mixed  with  one  of  lucif- 
erase in  a  suitable  apparatus,  and  the  change  in  temperature 
noted.  The  results  indicated  that  i  gram  of  luciferin  liberates 
less  than  o.i  small  calorie  during  the  luminescence  which  accom- 
panies its  oxidation. 

J.  S.  H. 

Duration  of  Light  Emission  from  a  Radiating  Hydrogen 
Atom.  A.  J.  Dempster.  (Physical  Review,  February,  1920.)  — 
Canal  rays  were  shot  through  a  hole  from  a  discharge  tube  into  a 
second  tube  with  a  much  higher  vacuum.  After  moving  about  4 
cm.  beyond  the  hole  the  luminosity  of  the  particles  died  out.  From 
the  Doppler  effect  exhibited  by  the  rays  the  speed  of  the  particles 
was  found  to  be  90,000,000  cm.  per  second.  Hence  the  time  re- 
quired for  the  light  to  die  away  beyond  the  hole  was  about  five 
hundred-milHonths  of  a  second.  The  light  was  chiefly  that  of  the 
beta  line  of  hvdrogen. 

G.  F.  S. 
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Use  of  Cirrus  Clouds  in  Forecasting  the  Weather.  G.  Reboul 
and  L.  Dunoyer.  (Comptes  Rcndiis,  ]March  22,  1920.) — The  ap- 
pearance of  cirrus  clouds  has  for  a  long  time  been  known  to  be 
connected  with  the  shifting  of  barometric  pressures.  The  authors 
have  subjected  certain  phases  of  this  relation  to  the  test  of  com- 
parison over  considerable  lengths  of  time.  In  93  per  cent,  of  the 
cases  it  was  true  that  the  appearance  of  this  type  of  cloud  indicated 
a  barometric  depression  in  the  neighborhood.  In  82  per  cent,  of  the 
cases  the  direction  in  which  these  clouds  moved  was  toward  the 
depression.  The  agreement  in  France  was,  however,  much  bet- 
ter for  a  motion  from  the  west  than  in  the  opposite  direction.  In 
about  63  per  cent,  of  the  cases  the  cirrus  clouds  moved  in  the  same 
general  direction  as  the  depression.  Seventy  per  cent,  of  the  times 
a  great  velocity  in  these  clouds  means  a  great  velocity  in  the 
motion  of  the  depression.  The  development  of  cirrus  clouds  in 
quantity  means  either  that  the  depression  is  close  at  hand  or  that 
it  is  quite  considerable  in  amount. 

G.  F.  S. 

Acid  Solutions. — The  relationship  between  the  total  acidity, 
the  concentration  of  the  hydrogen,  and  the  taste  of  acid  solutions 
has  been  investigated  by  R.  B.  Harvey  (Journal  of  the  American 
Chemical  Society,  1920,  xlii,  712-714).  Total  acidity  is  the  total 
amount  of  free  acid  present  in  the  solution,  and  includes  both  that 
in  the  molecular  state  and  that  dissociated  into  its  ions.  Concentra- 
tion of  the  hydrogen  ion  represents  the  hydrogen  ions,  and  there- 
fore measures  the  dissociated  free  acid  present  in  the  solution. 
Harvey's  results  indicate  that  the  sour  or  acid  taste  of  an  acid 
solution  depends  on  both  the  total  acidity  and  the  hydrogen  ion 
concentration.  It  is  therefore  desirable  that  both  these  values 
be  determined  in  the  case  of  acid  foods.  The  addition  of  sugar 
alters  the  taste,  but  does  not  change  either  the  total  acidity  or  the 
hydrogen  ion  concentration. 

J.S.H. 

The  Constitution  of  Atmospheric  Neon.  V.  W.  Aston.  {Phil. 
Mag.,  April,  1920.) — By  the  use  of  the  Positive  Ray  Spectrograph 
it  has  been  proved  that  neon  contains  two  isotopes  of  atomic  weights, 
20.00  and  22.00  respectively.  Their  ratio  by  volume  is  9:  i.  There 
is  some  indication  of  the  existence  of  a  third  isotope. 

G.  F.  S. 
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